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SECTI ON ONE



SECTI ON ONE

| NTRODUCTI ON

1.1 Project Goals

The chem stry conponent of the Baffin Island oil spill
(BIOS) project involved several tasks during the second year
of the project:

' Monitoring petroleumlevels in the water colum
inreal-tine during the spills (see Volune 1).

2. Establishing the transport paths, fates, and weat her-

ing of oil in the four bays in the various basic
environmental conpartments (i.e. , water colum,
benthic sedinents, organisms, shoreline) during the
i medi ate post-spill period (2 weeks).

3. Performng chem cal measurements of the oiled
shoreline plots éshoreline_study) to determne
concentration and conposition of residual oil.

A tailored anal ytical program conbining analytica
property measurenments, i.e., ultraviolet fluorescence (Uv/F) to
determ ne oil concentrations in the various environnental
conmponents, wth detailed conpositional measurenents, i.e. |,
glass capillary (fused silica) gas chromatography (Gc2), and
conmput er-assi sted gas chromatographic nmass spectronetry
(GC2/Ms), to give detailed conpositional information, was
to be utilized. Thus an inportant goal of the project was to
take the large sanple set and blend it into a cost-effective
hi erarchi cal analytical schene to optimze use of the
resulting data.

The specific goals of the analytical chem stry program
are given in Table 1-1.



TABLE 1-1
HYDROCARBON Bl OGECCHEM STRY (YEAR 2) GOALS

To conpare the biogeochemical fates of chemcally
di spersed versus surface spilled oil

To exam ne the conposition of |ow and high nol ecul ar
wei ght petrol eum conponents in the water colum of

the four bays, and to exam ne the changing conposition
with time (i.e., weathering).

To exami ne the chem cal nature and weathering of
residual surface oil and beached oil

To explore the conpositional fractionation of water-
borne oil into dissolved and particul ate cl asses.

To exam ne the transport of oil to the bottom sedinents
and related conpositional changes through sedinment-trap

sanpl i ngs.

To anal yze bottom sedinents for oil content,

conposi tion, and meatherin% changes and to exam ne the
relation of bul k sedi ment hydrocarbon chem stry to that
of the newly deposited surface floccul ent |ayer.

To exam ne the acquisition, assimlation, and depura-
tion of petrol eum residues by several species of
benthic marine organisns, and to exam ne how these
processes varied by species, by bay, and with tine
(02 weeks).




1.2 Technical Plan

The anal ytical plan used in this study involved the
sanpl e types shown in Figure 1.1 and the types of analyses
shown in Figure 1.2. The rationale for each type of analyti-
cal procedure is presented in detail in Section Two of this
report . The overall plan was to carefully blend anal ytical
t echni ques of varying sophistication and resolution to best
enabl e the program goals to be achieved within budgetary
constraints. Such bl ends have been successfully enpl oyed
previously in this (Boehm 1981a) and other prograns
(Boehm et al., 1982a).

1.3 Background

1.3.1 Pollutant Conpounds in the Arctic

Al t hough an abundance of data is not readily available,
several studies have been undertaken in recent years to
determ ne |evels of organic pollutants, nost notably petro-
| eum hydrocarbons (PHC), in renpte and/or undevel oped arctic
marine environments. A general picture energes of an
environnent wth very low |l evels of hydrocarbons, but one
that is not free from “contam nants” distributed on a gl obal
basis by natural and anthropogenic processes.

Wng et al. (1976), Shaw et al. (1979), Shaw and Baker
(1978), and Johansen et al. (1977) have investigated petro-
| eum hydrocarbon pollutant distributions in the offshore
Beaufort Sea, the nearshore Beaufort Sea, the Port valdez
nearshore environment and the Wst G eenland coast, respec-
tively. There is 1little indication in any of these studies
of chronic petroleumrelated inputs of hydrocarbons,



Surface Oil Beached Qi

Water:
~LMWHC (Whole)

4———  —HMWHC -4 Liter (Whole) )
| —HMWHC -100 Liter (Dissolved, Particulate)

! .
]
Benthic Animals:
—-Bivalves (ERCO)
Sediment Traps . —Polychaetes (CWS)
Sediments: -Echinodermis {CWS) /

‘ Surface Floe Layer
/1N

A R R SR I s . -

LMWHC = Low Molecular Weight Hydrocarbons
HMWHC = High Molecular Weight Hydrocarbons

Figure 1.1. Sample Types Acquired for BIOS Chemistry Studies (Nearshore Study).
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Figure 1.2. BIOS Analytical Protocols.




al though Shaw et al. (1979) suspect that fossil-fuel-related
arenes (aronatic hydrocarbons) from coal outcrops or natura
seeps are sources for low | evels of sedinentary arenes found
at several locations. Mre recently, Levy (1979; 1980) has
docurmented the inputs of petroleumto the Baffin Bay area

t hrough natural seepages of petrol eum

Long-range transport of polycyclic aromatic hydrocar-
bons (PAH = arenes) from pyrolytic sources (i.e. , conbustion
of fossil fuels) is a probable cause of observed distribu-
tions of low levels of PAH found in the Arctic (wong et al.

1976; Shaw et al., 1979) and el sewhere on a gl obal scale
(Laflamme and Hites, 1978; Lunde and Bjorseth, 1977).

Sonme PAH conmpounds are al so produced diagenetically
(i.e., after deposition of precursors in the sedinent) in
surface sedinents and may therefore not be related to any
pol lutant sources. Wakeham et al. (1980), A zenshtat
(1973), and Sinoneit (1977a, 1977b), anong others, describe
the diagenetic production of PAH conpounds including the
nore comonly encountered retene (l-methyl-7-isopropylphen-—
anthrene) and perylene, and other conpounds (e.g. , alkyl-
phenant hrenes) that have pollutant sources as well.

There is little evidence indicating that any arctic
envi ronment has had sufficient input of saturated petrol eum
hydrocarbons to nmask natural saturated hydrocarbon profiles
consisting of marine and terrigenous biogenic conpounds.

Al kane conpositions suggest biogenic sources (Shaw et al.,
1979).




1.3.2 Weathering of Petroleum in the Mrine Environnent

“Weat hering” of oil at sea pertains to that collective
set of processes which alter the chem cal conposition of
petrol eum through evaporation, dissolution, photochemical
oxi dation, mcrobial degradation, and auto-oxidation. The
physi cal processes nediating the chem cal changes are
m xi ng, enulsification, and sorption (NAS, 1975; Boehm,
1981b). A schematic diagram of the processes of weathering
of surface oil is shown in Figure 1.3. Dispersed oil would
initially be influenced to a |arge degree by water colum
processes and novenent, rather than by evaporation at the
air-sea interface or other sea surface processes.

| ncorporation of petroleuminto the sediment usually
results in accelerated weathering of oil in oxygenated
substrate, mainly through mcrobial degradation (Teal et al.
1978; Cretney et al., 1978; Keizer et al., 1978, Beslier et
al., 1981; Atlas et al., 1981; Boehmet al., 1981). Boehm et
al. (1981) have conducted a conprehensive study of how Anpco
Cadiz oil changed markedly in its conposition with time after
deposition in intertidal sedinents (Figure 1.4). Ol buried
beneath the aerobic zone is subject to little or very slow
anaer obi ¢ degradation (Ward and Boehm, unpublished data). Ql

may be transported to the benthos by several processes illus-
trated in Figure 1.5. In the case of chem cal dispersion of
oil, the magnitude of incorporation of oil into the benthos

after dispersion is unknown. Therefore, oil transported to
the benthos in small to noderate quantities can be expected
to lose nmuch of its obvious fingerprint if the hydrocarbons
are available to mcroorganisnms and if abundant anmounts of
nutrients are present. The paraffinic fraction is altered
by oxidation and isonerization first, followed next by the
aromatic fraction. Q1 which has been highly weat hered
requi res study by sophisticated and extensive anal ytical
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4 REFERENCE MOUSSE ( Sat urated Hydrocar bons)
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Figure 1,4. Weathering patterns of saturated hydrocarbons in Amoco Cadiz Oi |
(from Boehm et al ., 1981 ).
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Figure1—s, Hypothesized Methods by which Oil may be caused to Sink and Remain on the Bottom.




procedures prior to successful characterization. Pelagic
tar balls are exceptions to this rule, maintaining charac-
teristic paraffinic patterns for considerable periods

of time (Butler et al., 1973).

Mol ecul ar mar ker conpounds have been used for the
long-termidentification and detection of oil residues.
These conpound cl asses are nore resistant to environnental
degradation than the nmore commonly used fingerprintable
material (i.e., alkanes). O particular interest have been
pentacyclic triterpanes (Dastillung and Albrecht, 1976;
Boehm et al., 1981; Atlas et al., 1981), and alkylated
phenant hrenes and di benzot hi ophenes (Boehm et al., 1981
Boehm et al., 1982a, Teal et al., 1978). Use of these
markers requires their characterization in the source
material, the pre-spill environment, and the post-spill
cont am nat ed sanpl es.

1.4 Sunmary of 1980 (Pre-Spill) Results (First-Year Study)

-The goals of the first year study (see Boehm, 1981a)
were to fully characterize the Lagonedio oil used in the
study and to determne the baseline |evels of hydrocarbons
in seawater, sedinent and tissue from the Ragged Channel and
Z-Lagoon areas. The results can be summarized as foll ows:

1. The oil was characterized as a hi gh-Vanadi um waxy
crude having the chem cal and physi cal prqgerties
shown in Tables 1-2, 1-3, 1-4, 1-5, and 1-6.

2. Seawater sanples were “clean” with respect
to petrogeni ¢ hydrocarbons, but 1-2 rig/liter of
pet rol eum hydrocarbons were detected in |arge
vol une (200-liter) sanples.

3. Sedinent sanples contained marine and terrigenous

biogenic hydrocarbons, but |ow |evels
(I-4 ppb = rig/g) of pyrogenic polynuclear aromatic

~12-
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‘TABLE 1-2

GROSS CHEM CAL _CHARACTERI ZATI ONS OF LAGOMEDIO
CRUDE O L AND OIL/COREXIT 9527 M XTURE

% % % % %
SAI\/PLE Saturates Aromatics PCLARS RESIDUAL® ASPHALTENES’
Fresh (unweat her ed) oi | 59.1 35.2 6.3 0 1.2
Aged oi l 58.8 30.0 14. 8 0 2.5
Aged: dispersant (10:1) 44, 2 27.5 24. 7 3.6 ND

‘Deternmined fromsilicic acid col um chromatographic fracti onat | on;
= hexane eluate; f2 = hexane:nethylene chloride (60:40) eluate;
f]\% met hanol eluate; residual = material not eluting off col um.
basphaltenes = pentane—insoluble material. Note: asphaltenes may elute
in both f2 and f3 fractions.

ND = not determ ned



TABLE 1-3

SATURATED AND AROVATI C HYDROCARBON PARANMETERS
OF LAGOMEDIO CRUDE O L°

FRESH O L AGED O L
Sat ur at es
SHR 2.87 2.28
ALK/ISO 2.36 2.50
PRIS/PHY 0.85 0.74
PRIS/n-C17 0.51 0.38
PHY/n-Cjg 0.61 0.62
Aromati cs
AVWR 4.29 3.47
akKey:
(£ n-alkanes; C,- C,)
SHVR " (T n-alkanes; C;5-C,g)
(Alkyl Benzenes + Naphthalenes + Fluorenes
AR = + Phenant hrenes + Dibenzothiophenes)

Phenanthrenes + Dibenzothiophenes

(L alkanes; C14—C18)
ALK/ISO - . : : = — — .
(£ 5 1soprenoids; 1In n-C;; boiTing range)

PRIS
PHY

pristane

phyt ane
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TABLE 1-4

| NTERFACI AL TENSI ON OF CRUDE O L AND OIL/DISPERSANT M XTURES
VERSUS STANDARD SEAWATER (35 o/00) (dynes/cn)

AT -5°C AT 0°C AT +5°C

Lagomedi o crude ND@ 16.7 19. 8
Lagonedi 0 crude:Corexit 9527 1.7 1.3 3.4
(10:1)

Lagomedi 0 crude:Corexit 9527 1.3 1.3 2.0
(1:1)

aNot det erm ned.

TABLE 1-5
DENSI TY OF CRUDE O L AND OIL/DISPERSANT M XTURES (g/cm3)

AT -5*C AT O°C AT +5°C

Lagoned io crude 0. 8990 0. 8958 0. 8923
Lagoned io crude:Corexit 9527 0.9118 0. 9082 0. 9045
(10:1)
Lagomedio crude:Corexit 9527 0.9621 0. 9586 0. 9551
(1:1)
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TABLE 1-6

ABSOLUTE VISCOSITY OF CRUDE O L AND OIL/DISPERSANT M XTURES
{centistokes)

AT -5°C AT 0°C AT +5°C
Lagomedio crude Not e* Not e* 154.1
Lagonedi 0 crude:Corexit 9527 Not ea Not ea 120.0
(10:1)
Lagonedi o crude: Corexit 9527 218.0 144. 6 100. 3
(1:1)

aThe samples appeared to precipitate waxy conponents
at O Cand -5° C.  These prevented determnation of the
viscosity of the sanple by clogging the orifice of the vis-
cometer, The viscosities determned in the second section of
the reverse flow visconeters used for the determ nations were
invariably higher than those determned in the first section.

Viscosity (centistokes)

At 0° C At -5° ¢
1st 2nd lst 2nd
Section Section Section Section
1,420 2,640 1,629 3,351

880 1,288 9,801 20, 960
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hydrocarbons (mainly phenanthrene, methyl phenan-
threnes and perylene) Wwere quantified as well.
Their sources are global and/or |ocal atmospheric
transport of PAH from conmbustion of fossil ftuels
and in situ geochemical diagenesis.

4, Tissue hydrocarbon conmponents are, for the nost

part, of biogenic origin although very |low levels
?E igneb?ronatic hydrocarbons can be detected
-0 pp

Details of baseline and oil characterization studies
can be found in Boehm 1981a



SECTI ON Twp



SECTION TWO

SAMVPLI NG AND ANALYTI CAL METHODOLOGY

2.1 Sanpling

Sampl es of seawater, offshore sedinents, beach sedinents,
benthic aninmals, and surface oil were collected from four
experimental bays on Cape Hatt, Baffin Island, during August
and Septenber, 1981 (Figures 2.1, 2.2). Bay 11 was the site
of the August 19 surface oil spill; Bay 9 was the site of
the August 27 dispersed oil spill (Figure 2.2). Bays 10 and
7 were intended as control sites. However, Bay 10 received
oil fromthe dispersed oil spill in Bay 9 making it a second
test bay. A detailed description of the sanpling techniques
used appears in the first volune of this report (Geen et al.,
1982). A summary of the sanpling design and nethodol ogy
is presented here.

The generalized sanpling design for each of the experi-

nmental bays was identical. Each bay was sanpled three tines
during the sumrer field season: before any oil was spilled
(pre-spill), one to three days after the oil spill (1st
post-spill), and two to three weeks after the oil spill (2nd
post-spill). The sanmpling grid was centered around two

depth strata (Figure 2.3) 150 neters long running parallel

to shore along the 3-nmeter and 7-neter depth contours

(Figure 2.3). Animals and sedinments for chem cal analysis
were collected fromthe five “Tissue plots” |ocated al ong
each depth stratum  Sedi nent sanples were also collected
fromthe biology stations |located 1-3 neters shoreward from
the tissue plots along each depth stratum and at two stations
| ocated at the 10-meter depth directly offshore fromthe

ends of the 7-neter stratum (“M crobiology plot” stations).
Water sanples were collected at known reference points such
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Figure2. 1. Location of Cape Hatt, Baffin Island.
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Figure 2. 3. Station Desi gnations— Used for Sediment Sampling (Biology Stations,
Tissue Plots, Micro Plots) Tissue Sampling for Chemistry (Tissue Plots) and Sea Water
Sampling (Baffin Queen Raft, Micro Stations).



as the buoys marking the microbiology plots and the Baffin
Queen anchor (located between Tissue Plot Stations 3 and 8),
from subnersi bl e punps anchored at known | ocations, or at
various sites of opportunity.

2.1.1 Seawater Sanpling

Seawat er was collected fromBays 9, 10, 11 and 7 for
three types of analyses: (1) | ow nol ecul ar-wei ght hydrocarbon
anal ysis, (2) high-nolecul ar-wei ght hydrocarbon anal ysis
from4 liter sanples, and (3) high-nolecul ar-wei ght hydrocarbon
anal yses from | arge volune sanples. Sanples for low-molecular-
wei ght hydrocarbon analysis were collected from subnersible
punpi ng systens constructed of nylon, polyethylene and
metal. Seawater was punped directly into a 250-m anber
gl ass bottle which contained nercuric chloride as a preserva-
tive. The bottle was sealed with a sheet of Teflon and a
crinmp cap and stored at anbient tenperatures (0-10° C) until
shipnent. Once received at ERCO, these sanples were stored
in a refrigerator at 4° C

Sampl es for high-nol ecul ar-wei ght hydrocarbon anal ysi s
(4 liter) were collected fromeither the submersible
punpi ng systens described above and | ocated at the Baffin
Queen location in the center of the bay or along two transects
perpendi cular to the shoreline from depths of ~3, 7 and 10

meters (i.e., bottomwaters). Seawater punped fromthese
| ocations was collected at two shoreline |ocations, SS1 and
SS2 (see Figure 2.4). In Bay 11, in addition to the Baffin

Queen, SS1, SS2 N-micro and S-micro locations, 3 liter (NBS
sanpl er) water sanples were taken along the oil-containment
boom (“North, Md and South Booni) in the bay. Note that in
Bay 11 the micro plots were outside of the boom while the
Baffin Queen Station was inside of the boom
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Figure 2.4. Location of Sanpling Points within Experimental Bays (Bay 9).
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A National Bureau of Standards (NBS) water sanpler was
used at the mcro stations. A 4-liter solvent-rinsed gl ass
bottle was filled with seawater, sealed with a sheet of
Teflon and a screw cap, and stored at anbient tenperatures
until transported to the field |aboratory (within 8 hours).
At the field laboratory, the sanples were preserved by
adding 75 nml of Freon 113 to the bottle and then stored at
roomtenperature until extraction.

Sanpl es for |arge-vol ume high-nol ecul ar-wei ght hydrocar-
bon analysis were collected with an in situ filtration/adsorp-
tion sanpler. The sampler consisted of asubnersible punp, a
293-mm gl ass fiber filter held in a stainless steel holder, a
series of polyurethane plugs in a glass cylinder held in a
Tefl on sl eeve and a flow neasurenent device. The apparatus
was depl oyed for a period of 4 to 12 hours during which 30 to
200 liters of seawater were punped through the sanpler.
Particulate in the seawater were trapped on the filter which
was sinply folded, placed in an alum numfoil pouch and
frozen. Dissolved organics were adsorbed to the pol yurethane
plugs in the glass cylinder which was seal ed on each end wth
a sheet of Teflon and frozen.

2.1.2 Sedinent Sanpling

Sedi nents were collected fromthe beaches in Bay 9, Bay
11 and the counternmeasures test area (shoreline study) and
fromthe subtidal bottomin Bays 9, 10, 11 and 7 for high-
nol ecul ar - wei ght hydrocarbon analysis. Beach sedi nent
stations were |ocated using transect markers established in
Bay 9 and Bay 11 and from beach plot narkers in the counter-
measures test area. The sanples fromthe 1980 and 1981
count erneasures plots (shoreline study in Z-lagoon) were
taken from randomy predesignated subareas within a test
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plot. Beach sedinments fromBay 11 were sanpled fromthree
stations (high-, miga- and [owtide marks) along each of two
transects (#4 and #6) on August 20, August 31 and Septenber
9, which were 1, 12, and 21 days, respectively, follow ng
the surface oil spill. Beach sediments fromthree transects
in Bay 9 were collected only once, on August 31 four days
after the dispersed oil spill. A sunmary of the sanple
col l ection appears in Table 2-1.

At each station, beach material was scooped into a
solvent-rinsed glass jar with a stainless steel trowel.
Surface sedinent was taken fromthe top 5 centineters,
subsurface sedinment froma depth of 10-15 cm  Care was
taken to ensure that the subsurface sanple was not contam -
nated with surface sedinment. The sanples were transported
to the field laboratory and frozen.

Subtidal sedinments (see Figure 2.3) were collected from
Bays 9, 10, 11 and 7 by using the same sanpling design for
each bay. Three sanplings (pre-spill, 1st post-spill and 2nd
post-spill) were conducted. During the pre-spill sanpling,
surface sedinent (02 cm was collected fromthe tissue plot
stations (#-10)in Bays 9, 10,11 and 7 (Table 2-2). Sur face
floe fromthe sedinment/water interface was collected at the
sane stations in Bays 9, 10 and 11. Floe was not collected
fromBay 7. Al pre-spill sanplings were conpleted prior to
the surface oil discharge on August 19.

The first post-spill sanpling of Bay 11 occurred on

August 21 two days following the surface oil spill. Bays 9, 10
and 7 were sanpled on August 28, 29 and 31, respectively,
followi ng the dispersed oil spill on August 27. Three sanples

of surface sedinent from each tissue plot station, one sanple
of floe fromeach tissue plot station and 5 sanples of
surface sedinent spaced at 10-neter intervals w thin each
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TABLE 2-1

SUWARY OF BEACH SEDI MENT SAMPLI NG DATES

SAMPLI NG

BEACH
FACE SAVPLI NG
BAY TRANSECT LOCATION  DEPTH #1 #2 #3
11 4 H gh Sur face Aug 20 Aug 31 Sep 9
Md Surface Aug 20  Aug 31 Sep 9
Low Surface Aug 20 Aug 31 Sep 9
6 High Surface Aug 20  Aug 31 Sep 9
M Surface Aug 20  Aug 31 Sep 9
Low Surface Aug 20 Aug 31 Sep 9
9 0 Hi gh Surface Aug 31
M Surface Aug 31
Low Surface Aug 31
1 Hi gh Sur f ace Aug 31
Hi gh Subsurface Aug 31
Md Surface Aug 31
Low Surface Aug 31
2 Hi gh Surface Aug 31
Hi gh Subsurface Aug 31
Md Sur face Aug 31
Low Sur face Aug 31
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TABLE 2-2
SUMVARY OF OFFSHORE SEDI MENT SAMPLI NG DATES.

SAMVPLI NG
BAY PRE~-SPILL 1st POST-SPILL 2nd POST-SPILL
Bay 9
Fl oe (#1-10)2 Aug 16 Aug 28 Sep 10
Sedi nents (#1-10) Aug 9-10 Aug 28 Sep 10
Sedi nents (Bi ol ogy Aug 28 Sep 10
St ati ons)
Bay 10
Fl oe (#1-10) Aug 14 Aug 29 Sep 11
Sedi nents (#1-10) Aug 14 Aug 29 Sep 11
Sedi nents (Bi ol ogy Aug 29 Sep 11
t ations)
Bay 11
Fl oe (#1-10) Aug 12 Aug 21 Sep 8
Sedi ments (#1-10) Aug 12 Aug 21 Sep 8
Sedi ments (Bi ol ogy Aug 21 Sep 8
St ati ons)
Bay 7
Fl oe (#1-10) -- Aug 31 Sep 10
Sedi ments (#1-10) Aug 17 Aug 31 Sep 10
Sedi ments (Bi ol ogy Aug 31 Sep 10
St ati ons)

a#1-10 indicates tissue plot nunbers.
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bi ol ogy station were collected fromeach bay (see Figure 2-3).
The second post-spill sanpling was conducted simlarly

in Bay 11 on Septenber 8, in Bays 9 and 10 on Septenber 10 and
in Bay 7 on Septenber 11. Additional surface sedi ment sanples
were collected from the mcrobiology plots (H1-H8) at

weekly intervals on August 8, 14-18, 23, 30-31 and Septenber

5 12 and 18.

Divers collected surface sediment (O-2 cm by scooping
a glass jar along the sediment surface. Unfilled jars were
taken through the water surface in a PVC tube whose ends
were capped with PVC screw caps and sealed w th pol yethyl ene
bags. Once bel ow the surface the bags were cut, allow ng
the tube to flood with seawater and become negatively
buoyant. Jars were dispensed fromthe bottom of the tube
and replaced atthe top of the tube when filled with sedi ment.

Divers collected floe with a sanpler that consisted of an
i nverted pol yethyl ene funnel (dianeter = 20 cm, a length of
Tygon tubing (1 cmdianmeter x 1 mlength), a submersible punp,
a metal diverter valve and a stainless steel filter hol der
(142 mm di aneter). The collection procedure was as follows.
A glass fiber filter (Gelman Type AE) was placed in the filter
hol der, the apparatus was | owered over the side of an infla-
tabl e boat and the punp was prinmed with clean water. Wth the
diverter valve in the “Waste” position, the punp was turned
on and |owered to the bottom When positioned, the diver
pl aced the funnel on the sedinent surface and turned the
diverter valve to the “Collect” position which directed the
seawater/floe slurry to the filter holder. The diver held
the funnel in position for 30 seconds at each of four |oca-
tions, thereby collecting floe froma surface area of approxi-
mately 0.1 ni.
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Suspended sedinents were collected in sediment traps
depl oyed by divers at easily found |ocations such as the end
of a transect or the Baffin Queen anchor. The traps were
left in place for several days to two weeks. Sanples were
collected in all four bays at various tinme intervals
(Table 2-3)

The trap, which consisted of a glass beaker inside a
PVC cylinder (11 cmdianeter x 50 cmlength) nmounted on a
base, was capped and held vertically during depl oynment and
recovery operations. \Wen recovered, the water in the top
of the trap was drained through a bung. The contents of the

beaker were poured into a glass jar and frozen. Typically,
bi ol ogi cal detritus and fine sediment were collected by the

sanpl er.

2.1.3 Benthic Animal Sanpli ng

Benthic animals were collected fromBays 9, 10, 11,
and 7 during the pre-spill, 1st post-spill and 2nd post-spil
sanplings. Two collections, one handpi cked and the other
airlifted, were perforned in each bay. Mya truncata (bivalve)
were hand collected fromthe tissue plot stations (#l-5)
near the 7-meter transect in Bays 9, 10, 11 and 7. Mya
truncata were also collected fromtissue plot stations
(#6-10) near the 3-meter transect in Bays 9 and 10 but were
not abundant enough at these stations in either Bay 7 or 11
to allow collection. Six bivalves (Macoma calcarea, Macoma
moesta, Astarte borealis, Astarte montagui, Nuculana m nuta
and Serripes groenlandica) were collected with an airlift
fromthe five tissue plot stations (#-5) near the 7-meter
transect. During the first post-spill sanpling, additional
distressed Serripes fromthe sedinent surface of Bays 9 and
10 were coll ected by hand.
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Table 2-3
SUVWARY OF SEDI MENT TRAP

AVPLE LECTI DATA

SAMPLI NG DEPLOYMENT RETRI EVAL FI ELD

BAY STATI ON | NTERVAL DEPTH DATE DATE ID
11 BQ O3 days 3 m 18 Aug. 23 Aug. PCQ05
BQ O3 days 3 m 18 Aug. 23 Aug. PQ06

11 BQ 4-7 days 3 m 23 Aug. 27 Aug. PQO7
BQ 4-7 days 3 m 23 Aug. 27 Aug. PQ08

9 H Prespill 10 m 13 Aug. 18 Aug. Pool
H Prespill 10 m 13 Aug. 18 Aug. PQ02

1 0-3 days 7 m 27 Aug. 30 Aug. PQ09

5 0-3 days 7 m 27 Aug. 30 Aug. Pol 0

10 0-3 days 3 m 27 Aug. 30 Aug. P012

5 4-7 days 7 m 1 Sep. 5 Sep. P020

6 4-7 days 3 m 1 Sep. 5 Sep. P021

10 4-7 days 3 m 1 Sep. 5 Sep. P019

l 7-21 days 7 m 5 Sep. 18 Sep. P027

6 7-21 days 3 m 5 Sep. 18 Sep. P026

10 H Prespill 10 m 14 Aug. 18 Aug. PQ03
H Prespill 10 m 14 Aug. 18 Aug. PQ04

1 0-3 days 7 m 27 Aug. 30 aug. PO13

6 0-3 days 7 m 27 Aug. 30 Aug. P014

1 4-7 days 7 m 30 Aug. 5 Sep. P023

6 4-7 days 3 m 30 Aug. 5 Sep. P024

| 7-21 days 7 m 5 Sep. 18 Sep. P029

6 7-21 days 3 m 5 Sep. 18 Sep. P028

7 1 0-7 days 7 m 27 Aug. 5 Sep. P018
6 0-7 days 3 m 27 Aug. 5 Sep. PO17
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The collection schedule for the benthic animals is shown
in Table 2-4.

Divers picked Mya truncata using clean gloves. Animals
collected from individual stations were placed in nylon mesh
bags which were sealed in plastic bags underwater before
being carried through the water surface. The contents of
the nesh bag were transferred to a plastic bag, |abeled, and
transported to the field laboratory. The animals were then
sorted by species, wapped in alumnumfoil, and frozen.

The airlift transferred animals, rocks and nud fromthe
sedi nent surface into a mesh bag at the opposite end of the
airlift. The nesh bag was carried through the water surface
in a plastic bag and transported to the field |aboratory.
The aninmals were picked fromthe aggloneration of debris,
sorted by species, wapped in alumnumfoil, and frozen.

2.2 Analytical Methods

The general analytical strategy for the chem cal assess-
ment consisted of three levels (Figure 2.5). In the first
level, sanples were extracted and anal yzed by ultraviol et
spectrofluorometry (UV/F) to neasure the concentration of
petroleum  Those sanples either containing high |evels of
petroleum or of interest due to sanpling tine and position
were carried through to the second level, fused silica glass
capillary gas chromatography with flame ionization detection
(Gc2). This technique was used to quantify hydrocarbons,
to distinguish petrol eum hydrocarbons from biogenic hydro-
carbons, and to evaluate the conposition of petroleum
Measurement of |evels of individual aromatic hydrocarbons
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TABLE 2-4
SUMMARY OF BENTH C ANI MAL SAMPLI NG DATES

DEPTH SAMPLI NG FI RST SECOND
BAY STRATUM TI ME PRESPI LL PRESPI LL PRESPI LL
9 3m Hand Aug. 9 Aug. 29 Sep. 10
7m Hand Aug. 7-9  Aug. 28,311  Sep. 10
Arlift  Aug. 89 Aug. 28l Sep. 11
10 3m Hand Aug. 15 Aug . 292 Sep. 11
m Hand Aug. 14 Mg . 28,30°  Sep. 11
Arlift Aug. 14 Sep. I Sep. 11
11 m Hand Aug. 12 Aug. 21 Sep. 11
Arlift Aug. 13 Aug. 21 Sep. 11

Aug. 25

7 7m Hand Aug. 17 Aug. 311 Sep. 11
Airl ift Aug. 17 Sep. 1-3 Sep. 11

lserripes were airlifted from Bay 9 on August 28 and
hand- pi cked on August 31.

‘Serri pes

were airlifted fromthe 7m transect
10 on Septenber 1 and hand-pi cked on August 30.

in Bay

Serriges

wer e hand- pi cked fromthe 3m depth stratum on August .
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Figure 2.5. Schematic of Analytical Strategy.

-34-



was acconpl i shed during the third phase when conputer-assisted
gas-chromatographic/mass spectronetry (GC2/MS) was used.

Four types of sanples (water, sedinents, tissues, and
oils), were analyzed within this study, each according to a
slightly different analysis schene. Each sanple type required
a unique initial processing/sanple extraction protocol and
followed its own anal ytical schene (see Figure 1.2).

2.2.1 Water Sanple Processing

Three types of water sanples were anal yzed: | ow
nol ecul ar wei ght hydrocarbon sanples, high nol ecul ar
wei ght hydrocarbon sanples (4 liters) and |arge-volunme high
mol ecul ar wei ght hydrocarbon sanples. Each was anal yzed by
a unique set of analytical nethodol ogies. None of the
sanpl es was screened by Uv/fluorescence analysis; all were
anal yzed by GC, and a subset by Gc2/ms.

2.2.1.1 Low Mol ecul ar Wi ght Hydrocarbon Analysis

Water sanples were analyzed for |ow nolecular weight
hydrocarbons (Cg - Cjg) by packed col um gas chroma-
tography/flame ionization detection using the nmethod of
Pojasek and Scott (1981). A 10 ml aliquot of water was
di spensed with a pipet to a 40 ml glass vial containing 1 mn
Hg metal. The vial was sealed with a teflon-faced sSilicone
septum inverted and heated at 90° C for 30 min in a water
bath to allow the water and headspace to equilibrate. A
2 m aliquot of the headspace was w thdrawn through the
septumvia a 5 m gas-tide syringe and imediately injected
into the gas chromatography (Table 2-5). Peaks were identi-
fied by conparing retention times of peaks in the sanples

-35-



TABLE 2-5

PACKED COLUMN GAS CHROVATOGRAPHY/

FLAME | ONI ZATI ON DETECTI ON ANALYTI CAL CONDI TI ONS

[ nstrunent:
Feat ures:
Inlet:

Det ect or:
Col um:

Gases:

Carrier:
Det ect or:

Tenper at ur es:
I'njection port:
Det ector:

Col um oven:

Daily calibration:

Quantification:

varian 3750 gas chromat ography

Varian Vista 401 data system

Packed Col um

Fl ane ioni zation

1/8" ID X 8 stainless steel packed with

10% 1, 2,3 tris (2 cyanoet hoxy) propane
on 1001 120 chromasorb P AW

Hel i um 250 ml/min
Ar 300 ml/min
Hydrogen 30 ml/min

200° ¢

250° C _
50°-100°@ 10° Cl/rein
Alkane/aromatic m xture

Ext ernal standard
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with those of standard conpounds. Quantification was
performed using the external standard nethod of quantifica-
tion. Response factors were cal culated from anal yses of
standards prepared in an identical fashion.

2.2.1.2 H gh Mlecular Wight Hydrocarbon Analysis
(4 TiTer)

Four-liter seawater sanples were analyzed for high
mol ecul ar wei ght hydrocarbons by GC2. The water was
processed in the field | aboratory by adding 75 m of Freon
113 to the glass sanple bottle, shaking the bottle for
3 minutes on a paint shaker, and drawing off the Freon using
a screwon teflon stopcock. The extraction was repeated two
additional times, and the three extracts were conbined,
reduced in volume to 10m by rotary evaporation and trans-
ferred to a glass tube for shipment. Procedural blanks were
processed periodically to check for contamnation during the
field processing.

Wien received at ERCO, the extracts were dried with
sodium sul fate, evaporated to <1 ml by rotary evaporation,
and displaced with hexane. Three nicrograns of two internal
standards, androstane and o-terphenyl, were added to the
extract. An aliquot of the extract was weighed on a Cahn
Model 25 electrobalance to determne total extractable
organics. Those sanples containing high |evels of total
extractable were fractionated by silica gel/alumna colum
chromat ography (see Section 2.2.7) into saturated and unsatu-
rated/aromatic fractions which were analyzed by GC(see
Section 2.2.8). Those sanples containing low |l evels of total
extractable were analyzed directly by GCwithout colum
chr omat ogr aphy. Aromatic fractions and total extracts of
sel ected sanples were analzyed by GC/MS (see Section 2.2.9).
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2.21.3 H gh_ Mol ecul ar_ Wi ght Hydrocarbon Anal ysi s
(Large Vol une)

Each | arge volune water sanple consisted of a glass
fiber filter containing particul ate organics and a poly-
urethane plug containing dissolved organics, both of which
were anal yzed for high-nol ecul ar wei ght hydrocarbons by
G6Cc2. The filters were processed by cutting theminto
smal | pieces which were placed into 250-m Teflon jars.

Three mcrogranms of two internal standards (androstane and
o-terphenyl) and 100 ml of a mxture of dichloronmethane and
met hanol (9:1) were added. The jars were shaken for four
hours, and the solvent was decanted. The extraction was
repeated with two additional portions of solvent, and the
three extracts were conbined, dried with sodium sulfate,
reduced in volume to <1 m by rotary evaporation and displ aced
with hexane. An aliguot of each of the extracts was wei ghed
on a Cahn Mddel 25 electrobalance to determne total extract-
abl e organics. The extracts were fractionated by silica

gel/ alum na colum chromat ography (see Section 2.2.6) into
saturated and unsaturated/aromatic fractions which were

anal yzed by GC'(see Section 2.2.8). Aromatic fractions of
sel ected sanples were anal yzed by capillary GC2/MS (see
Section 2.2.9).

The plugs were processed by extracting themin a
Soxhlet extractor for 24 hours with nmethanol to renove water

and then with dichloromethane:methanol (9:1) to extract
organic conpounds. Al solvent extracts from a sample were

conbined in a one-liter separator funnel, the dicholoro-

met hane | ayer was drawn off, and the remaining water/ nethanol
was extracted three times with 75 m of dichloromethane.

The dichloromethane extracts from a sanple were conbined,
reduced in volume to <1 m by rotary evaporation and di spl aced
with hexane. An aliquot of each of the extracts was wei ghed
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on a Cahn Model 25 electrobalance to determ ne total
extractabl e organ ics. The extracts were fractionated

by silica gel/alum na colum chromatography (see Section
2.2.7) into saturated and unsaturated/aromatic fractions
whi ch were analyzed by capillary GC(see Section 2.2.8).
Aromatic fractions of selected sanples were anal yzed by
capillary cc2/Ms (see Section 2.2.9).

2.2.2 Sedi nent Sanpl e Processing

Four types of sedinment sanples were collected and
anal yzed: surface sedinment sanples (02 cm, sedinent
fl oe sanples, oiled beach sedinents, and sedinment trap
sanpl es. Each was anal yzed by a unique set of analytical
met hodol ogi es.

2.2.2.1 Surface Sedinment Sanple Analysis (O-2 cm

Surface sedi ment sanples were analyzed for high nol ecu-
| ar wei ght hydrocarbons using both Uv/fluorescence (UV/F)
and GC'techni ques. Ten gram subsamples from the tissue
plots and m crobiol ogy stations were anal yzed by UV/ F
using the analytical method described bel ow.  Selected
sanples from individual tissue plots and m crobi ol ogy
stations were anal yzed by GC'using an additional subsample
(~100 g). Selected sedinents collected fromthe benthic
transects (see Figure 2.3 and Figure 2.6) were anal yzed by
UV/F using a 10 g subsample. Extracts from a given bay,
sampling tine, transect, and nest (see Figure 2.6) (5
stations/nest) were conbined, fractionated by silica gel/
al um na col um chromat ography (see Section 2.2.7) into
saturated and unsaturated/ aromatic fractions which were
anal yzed by GC (see Section 2.2.8).
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X Denotes that the Sample
was Analyzed by UV/F

*
Denotes a Pooled Sample
Extract that was Analyzed

. by GC2
N

—Denotes that Sample was
not Analyzed by UV/F

* * *
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I 5l Hl |
X X X X - X X X X - - X X X X
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B A A

3 and 7 Meter
Depths

Figure 2.6. Illustration of the Selection of Individual Sampling Points& the Pooling
of Sediment Samples from “Biology Stations”.




The extraction method for the U/ F anal yses of sedinent
sanples was a nodified version of the GC'nethod described
bel ow.  Approximately 10 g of wet sediment was weighed into a
50 m glass centrifuge tube with a Teflon closure. The
sedi ment was dried by extracting 3 times with 15 m of
met hanol.  The dry sedi ment was then extracted four tinmes
with 20 m of dichloromethane:methanol (9:1) by shaking for
10 minutes on an orbital shaker for each extraction. A 1
sol vent extracts were transferred to a 250 m separator
funnel containing 50 m of water (Millipore RO and acidified
to a pd of 2with hydrochloric acid. The dichl oronet hane
| ayer was drawn off and the aqueous mnethanol phase was
extracted three times with 15 m of dichloromethane. The
dichloromethane extracts were conbined, reduced in volune to
<1 nm by rotary evaporation and displaced with hexane.

Pol ar conpounds which interfered with the UV F anal ysis
were renmoved fromthe extract by alum na colum chromat ography.
The procedure was based on the methodol ogy of Georlitz and
Law (1974) and is summarized below. The total extract was
charged to a chromatography columm (9 mmID) containing 6.5 g
of a 7.5% water deactivated alum na that was wet-packed in
hexane and prepared by eluting with 30 m of hexane. The
columm was eluted with 25 nl of hexane to isolate the
saturated, unsaturated, and aromatic conpounds. The hexane
fraction was concentrated by rotary evaporation, displaced
W th cyclohexane and anal yzed by uv/F (see Section 2.2.5).

The extraction method for the capillary GC anal ysis
(Figure 2-7) of sedinment sanples was based on net hods of
Brown et al. (1979) and Boehm et al. (1981). Approxinmately
100 g of wet sedinment was weighed into a 250-nml Teflon jar
and dried by extracting three times with 75 m of nethanol.
Five mcrograns of two internal standards, androstane and
o-terphenyl were added to the sediment. The dry sedi nent
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Sediment Sampie

1) Place 100 g Suhsampie in Teflon Jar
2) Extract 3xwith CH30H (Shake 0.5 Hr Each Extraction}
3) Add LS. 18 12)
4) Extract 3 x with CHoClo/CH30H (9:1)

(Slaeke 4 Hr at Room Temperature for Each Extraction)
5) Combine Extracts with 100 ml Water

L. 1

Combined Extracts

| Sediment I

Weigh
Disgard 6) Remove CH2Cl2 Layer

7) Extract Aqueous Phase 3 x with CH2Cl2
8) Combine CH2C12 Extracts

9) Concentrate to<< 1 ml
10) Displace with CH30H

Concentrated Extract
i

11) Transfer to 50 ml Tube

12) Add 15 mlCH30H,15 mi 10N KOH
13) Heat at 800C for 4 Hr to Saponify
14) Extract 3 x with Hexane

15) Concentrate

16) Weigh Aliquot of Extract

’ Saponify Extract ’

‘ Silica Gel Column Chromatography

Hexane/Meth ylene

Hexane (f1)
Chloride (f2)

(Weigh Aliquot)
(Weigh Aliguot)

Aromatic

Saturated
Hydrocarbons

Hydrocarbons

GC2/FID GC2/FID

GC2/Ms

Fure27. Anal yti cal  Scheme for Hydrocarbon Analysis of Sedinent Sanples (GC2/FID Anaysis).
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wast hen extracted three times with 100 ml of dichloromethane:
nmet hanol (9:1) by shaking on a platform shaker for a m ninmum
of 4 hours for each extraction. All solvent extracts were
transferred into a |-liter separator funnel containing

100 M of water (millipore RO and acidified to a pH of

2 with hydrochloric acid. The dichloronethane | ayer was
drawn off and the aqueous nethanol phase was extracted

3 times with 50 m of dichloromethane. The dichloromethane
extracts from a sanple were combined, reduced in volume to
<1l m by rotary evaporation and displaced w th nmethanol.

The extract was transferred to a 50 ml glass tube containing
10 m of methanol and 4 m of 10N aqueous KOH, sealed wth

a Teflon cap and heated at 80° C for 4 hours to saponify
interfering polar conpounds. The mixture was cool ed then
extracted 3 times with 15 ml of hexane. The conbined hexane
extracts were dried over sodium sulfate and concentrated

by rotary evaporation to approximately 1 m. An aliquot of
the extract was weighed on a Cahn Mddel 25 electrobalance to
determ ne total extractable organics. The extracts were
fractionated by silica gel/alumina colunm chromatography
(see Section 2.2.7) into saturated and unsaturated aromatic
fractions which were anal yzed by GC2 (see Section 2.2.1).
Aromatic fractions of selected sanples were anal yzed by
capillary GC2/Ms (see Section 2.2.9).

2.2.2.2 Surface Fl oe Anal ysis

Surface floe sanples were analyzed for high nol ecul ar
wei ght hydrocarbons using both UV F and GC2 techni ques.
The glass fiber filters containing the floe were extracted
wi t h dichl oronet hane: net hanol (9:1) using the techniques
described for the large volume water sanple filters in
Section 2.2.1.3. The total extracts were freed of polar

conpounds which interfere with the UV F by alum na colum
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chromat ography as described for surface sedinments in Section
2.2.2.1. Al sanples were analyzed by uv/F (Section 2.2.5),
and sel ected sanples were fractionated by silica gel/alum na
col uim chronat ography (Section 2.2.7) into saturated and
unsaturated aromatic fractions which were anal yzed by GC
(Section 2.2.8). Selected aromatic fractions were anal yzed
by GC/Ms (Section 2.2.9).

2.2.2.3 0iled Beach Sedi nent Anal ysi s

Gl ed beach sedinents were analyzed for high nol ecul ar
wei ght hydrocarbons using only GCtechniques. The
anal yti cal net hodol ogy was, with one exception, the sane
as that described for Gc2 analysis of surface sedinents in
Section 2.2.2.1. The sedinments contained small anounts of
water and were not dried with nethanol prior to extracting
them with dichloronethane: methanol (9:1). The total extracts
were fractionated by silica gel/alumna colum chromatography
(Section 2.2.6) into saturated an unsaturated aromatic
fracti ons which were anal yzed by capillary GC (Section
2.2.7). Aromatic fractions of selected sanples were anal yzed
by GC (Section 2.2.8).

2.2.2.4 Sedinent Trap Anal ysis

Sedi ment trap sanples were anal yzed for high-nol ecul ar
wei ght hydrocarbons using only GCtechniques. The sedinent/
water slurry (125 nl) was thawed, poured into a 250-m separa-
tory funnel and extracted three times with 50 ml of dichloro-
met hane. Three mcrograns of two internal standards, androstane
and o-terphenyl; were added to the extract which was dried
with sodium sulfate, reduced in volume to <1 m and displ aced
with hexane. An aliquot of the extract was weighed on a Cahn
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Model 25 electrobalance to determ ne total extractable organics.
Those sanples collected during the first week after the
experinmental spills were fractionated by silica gel/alumna

col um chromat ography (Section 2.2.7) into saturated and
unsaturated aromatic fractions which were analyzed by GC
(Section 2.2.8). Those sanples collected during the second

week after the spills were directly analyzed by GC (Sec-

tion 2.2.8).

2.2.3 Benthic Aninal Tissue Processing

Fi ve species of benthic bival ves were anal yzed by
ERCO: Mya truncata, Serripes groenlandica, Macona calcarea,
Nuculana minuta and Astarte borealis. Two other species,
Strongylocentrotus droebachiensis (sea urchin) and Pectinaria
(polychaete) were anal yzed by Canadian WIdlife Service, and
two additional bivalves species, Macoma nbesta and Astarte
nont agui, remain unanal yzed and stored at ERCO  sampl es
fromindividual tissue plot stations were analyzed by uv/F.
Subsequently, extracts fromall five tissue plot stations
froma given stratum bay and sanpling tine were conbined
and anal yzed by GC.

The extraction and anal ytical procedure (Figure 2.8)
was based closely on that of Warner (1976) as revised by
Boehm et al. (1982b). Camtissues (guts, nuscle, gills)
were renoved fromthe shells with solvent-rinsed utensils.
Sanples with nore than 10 grans wet weight tissue were
honogeni zed with a vitris tissue honogeni zer, and a 10 ¢
aliquot was taken fOor analysis. Oherwise, the entire
sanpl e was honogeni zed. A small aliquot of the tissue
honogenate was taken for wet weight/ dry weight determ nation.
Ti ssue was digested overnight with a 5 N aqueous potassium
hydr oxi de and net hanol solution, and extracted w th hexane.
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Tissue Sample

1) Homogenize

2) Add to Teflon Jar

3) Add Imteermad  Standards

4) 5N KOH (aq)

5) Fliush Jar wiith N2

6) Seal

7) Digest Qvemight at Room Temperature with Shaking

l Digestate |

8) Transfer to Separator Funnel
9) Add Saturated NaCl

10) Extract 5 Times with Hexane
11) Concentrate

12) Dry Over Na2S04

Combined Hexane Extracts J

1]
13} Alumina Column

fo Ch romatography (Hexane)

Saturated and Aromatic
Hydrocarbons

UV/Fluorescence Analysis

Select Sample; Pool
Stations on a Transect

Silica Gel Column Chromatography

Hexane {f1) Hexane: MeCla (f2)
(Weigh) (Weigh)
saturated Aromatic
Hydrocarbons Hydrocarbons
|
Gc2 Gc2
GC2/MS

Figure 2.8. Analytical Scheme f Or Hydrocarbon Analysisof Ti ssue Sanpl es
(fromVarner, 1976; Boehmet al., 1982a).
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Hexane extracts were conbined, dried with sodium sulfate and
concentrated to 0.5 m by rotary evaporation. Polar and

bi ogeni ¢ conmpounds which interfered with the UV F analysis
were renoved from the extract by aluminia col umm chrona-
tography. One of two sizes of colunns, one containing 6.5 g
and the other containing 25 g of 7.5% water deactivated

al um na, were used depending on the anount of tissue. The
colum was eluted with 25 m or 75 m of hexane, respectively,
to isolate the saturated, unsaturated and aromatic conpounds.
The fraction was concentrated and transferred into cyclo-
hexane for UV/F analysis (Section 2.2.5).

After uv/F analysis, one half of each extract fromthe
tissue plot stations on each stratum (Stations 6-10 on the
3 mstratumand Stations 1-5 on the 7 mstratum were conbi ned,
concentrated by rotary evaporation and di splaced with hexane.
The pool ed extracts were fractionated by silica gel/alum na
col um chromat ography (Section 2.2.7) into saturated and
unsat urat ed/ aromati c fractions which were analyzed by GC2
(Section 2.2.8). Selected extracts fromindividual tissue
plot stations were simlarly fractionated and anal yzed
by GC2. Aromatic fractions from sel ected sanples were
anal yzed by Gc2/Ms (Section 2.2.9).

2.2.4 O | sample Processing

Two types of oil sanples were collected during the Bl OS
experiment: neat oils collected fromthe discharge pool and
oil drums and floating oil collected fromthe seawater
surface in the experinental bays. A weighed quantity of
the neat oils (~20mg) and 20 ug of two internal standards
andr ost ane and o-terphenyl was sinply diluted with hexane,
and fractionated by silica gel/alumna columm chromatography
(Section 2.2.7) into saturated and unsaturated aromatic
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fractions which were analyzed by GC(Section 2.2.7). The
floating oil/water mxtures were thawed, poured into a
250-m separator funnel and extracted three times with 50
mM of dichloromethane. The extract was dried with sodi um
sul fate concentrated by rotary evaporation and displ aced
with hexane. An aliquot of the extract was wei ghed on a
Cahn Model 25 electrobalance to determne total extractable.
An aliquot containing approximately 20 nmg of oil and 20 ung
each of two internal standards, androstane and o-terphenvyl,
was fractionated and anal yzed by GC as described above

for the neat oils.

2.2.5 uv/F Anal ysi s

The synchronous excitation/em ssion technique has been
wi dely enployed in recent years to exam ne the detail ed
fluorescent properties of environnental samples. The
techni que is based on the nethods of Wakeham (1977) and
Gordon and Keizer (1974). A neasured aliquot of the sanple
extract was dissolved in a known volune of cyclohexane. The
intensity of the fluorescence em ssion was nmeasured from
250 to 500 nm whil e synchronously scanning the excitation
monochroneter at a wavel ength 25 nmless than the wavel ength
of the emi ssion monochrometer. Analytical conditions are
shown in Table 2-6. This technique nmeasures aromatic
hydrocarbons with a two- to five-ring aromatic structure
(Lloyd, 1971). The extract was repeatedly diluted by 50%
and reanal yzed until a conparison of two consecutive dilutions
indicated that the analysis was done within the linear range
of fluorescence response.

The intensity of the fluorescence spectra was neasured

at 355 nm (or the nearest spectral maxima) which corresponded
to a peak maximum present in a Lagonedio Bay 11 reference
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TABLE 2-6
UV SPECTROFLUCROVETRY ANALYTI CAL CONDI TI ONS

| nstrunent ; Farrand Mark | spectrofluorometer
Feat ures: Corrected excitation
Corrected em ssion
Slits:
Excitation: 2.5 nm
Em ssi on: 5.0 nm
Scan speed: 50 nm/min
Cel | : 10 nm quartz
Monochroneters Synchr onous
Excitation: 225-475 nm
Em ssi on: 250-500 nm

Daily calibration: Bay 11 Lagoredi o oil

Quantification: Ext ernal standard
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oil sample. The fluorescence spectra were converted to
relative concentration units by conparing the peak height at
each wavel ength to that of the Bay 11 oil standard curve.

2.2.6 Variability in U/ F Measurenents - Tissues

Triplicates taken fromwthin a tissue plot station
(one tissue sanple divided into 3 x 10 g each, and then
anal yzed individually) were analyzed to neasure the varia-
bility in the analytical nethod, from extraction of tissue
through Uv/F neasurenents. The arithnetic nmeans and stand-
ard deviations were as follows (ug/g DW: 0.67 +.0.12
(18%, Mya, Bay 10, prespiPl?2 + 0.5 (23%, Astarte, Bay
11, first postspill; 111 + 3.3 (3%, Mya, Bay 10, second
postspill296 + 30 (10%, Serripes, Bay 10, first postspill;
and 559 + 119 (21%), Serripes, Bay 9, first postspill.

2.2.7 Fractionation

Those sedinent, tissue, and water sanples chosen for
GC2 analyses and all of the oil sanples were fractionated
by silica gel/alumna colum chronatography prior to fused
silica capillary gas chromatography. Colum chronatography
i solated the saturated and aromatic hydrocarbons fromthe
total extract, thereby facilitating the identification and
quantification of individual hydrocarbon conpounds which
were present in the sanple extract. The procedure was that
of Boehm et al. (1982b) and i S summarizedbelow.

The total extract was charged to a 100% acti vated
silica gel/5 percent deactivated alum na/activated copper
(119, 1 g, 2 g) chromatography colum that was wet-packed
in dichloromethane and prepared by eluting with 30 nl each
of dichloronethane and hexane. The colum was eluted with
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18 m of hexane followed by 21 m of hexane: dichl oronet hane
(1:1) to isolate the saturated (f7) and unsaturated (f2)
hydrocarbons, respectively. After concentrating each
fraction by rotary evaporation, the total gravinetric
concentration was determ ned by weighing a nmeasured aliquot
on a Cahn Mbdel 25 electrobalance.

2.2.8 & Anal ysis

GC anal ysis served to identify and quantify the
petrol eum hydrocarbon conpounds present in the sanple. The
relative concentrations of individual conpounds identified
the conposition of oil present, and the absolute concentra-
tions served as a neasure of the amount of oil present. The
concentrations of certain conpounds were also used to
calculate indicator ratios that reveal the type of hydro-
carbons present, i.e., biogenic or petroleum and the
weat hering age of the petrol eum

Each fraction was anal yzed by fused silica capillary
gas chromat ography on a Hewl ett Packard 5840 or 5880 gas
chromat ogr aphy equi pped with a splitless injection port and a
flame ionization detector. Wall coated open tubul ar (wcoT)
fused silica colums (0.25 nmx 30 m J&W Scientific) coated
w th SE30 and se52 stationary phases were used to anal yze,
respectively, the £; and f2 fractions fromthe colum
chromat ography. The instrunmental conditions are listed in
Table 2-7.  Conpounds were identified by conparing retention
i ndi ces of peaks in the sanples to retention indices of
known conpounds in a standard m xture that was anal yzed
daily. Concentrations were calculated by conparing the
integrated areas of peaks with the area of the appropriate
internal standard (androstane for the f;, o-terphenyl for
the f2). The total concentrations of saturated and
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TABLE 2-7

FUSED SI LI CA CAPI LLARY GAS CHROVATOGRAPHY/
FLAVE TONI ZATT ON DETECTTON ANALYTT CAL  CONDI TTONS

I nstrument: Hewl ett Packard 5840 or 5880 gas
chr omat ogr aphy
Feat ures: Split/splitless capillary inlet system
M croprocessor-control |l ed functions
Inlet: Splitless
Det ect or: Fl ame ioni zation
Col um:
£1: 0.25 m|.D. x 30 m
SE30 fused silica (Jsw Scientific)
£y 0.25 Mm1.D. x 30 m
SE 52 fused silica (Jsw) Scientific)
Gases:
Carrier: Hel ium 2 ml/min
Make- up: Hel i um 30 ml/min
Det ect or: Air 300 ml/min (500 ml/min for 5880)
Tenper at ures:
I njection port: 250° C
Det ector: 300° ¢ _
Col um oven: 40°-2900 @ 3° Crein

Daily calibration: Alkane/aromatic m xture

Quantification: I nternal standard (F; androstane,
f2 o-terphenyl)
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aromati ¢ hydrocarbons were determ ned by planinetering the
unresol ved area, converting it to integrator area units,
adding it to the total resolved integrated area, and cal cu-
lating a concentration using the internal standard nethod.

The anal ytical outputs fromthe GC2 analysis are |isted
in Tables 2-8 and 2-9. The concentrations of n-alkanes
and i soprenoids were reported on a dry weight basis. From
t hese concentrations a series of key diagnostic paranmeters
were calculated. These ratios are useful in establishing
the conposition of the oil, the contribution of biogenic
hydrocar bons, and the degree that the oil was weat hered.

2.2.9 Gas Chromat ography/ Mass Spectronetry (GC2/MS)

Sel ected sanples found to contain petroleum by the
GC anal yses were anal yzed by GCc2/Ms to neasure the concen-
tration of aromatic hydrocarbons in the sanples. The concen-
trations of a series of polynuclear aromatic hydrocarbons, in
particular the alkylated phenant hrenes and di benzot hi ophenes,
serve as a fingerprint of weathered petrol eum

The f,(aromatic fraction) from the silica gel/alum na
col utm chromat ography (see Section 2.2.6) was anal yzed for
polynuclear aromatic hydrocarbons by GC2/Ms. An aliquot
of the fraction was anal yzed using a Finnegan 4530 instrunent
equi pped with a 0.25 mm x 30 m SE52 fused silica capillary
colum (J&W Scientific), which was threaded directly into the
ion source. Instrunental conditions are listed in Table 2-10.

Sel ected ion searches were used to obtain ion chromato-
grans for aromatic compounds with known retention indices
and suspected to be present in the sanples. I f necessary,
the mass spectrum and retention time of an identified
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TABLE 2-8

COMPOUNDS QUANTI FI ED BY FUSED SI LI CA
CAPI LLARY GAS CHROVATOGRAPHY

ANALYTI CAL

COVPOUND TECHNI QUE USE
Sat ur at ed hydr ocar bons
n- al kanes Capillary GC we%thering and soyrf?
- - i ndicators, especially
(n=C1p 10 n-C34) when ratios are derived
Isoprencids Capillary GC Weat hering indicator

(farnesane, pristane,
phytane, 1650, 1380)

(mar ker conpounds as
a group in lightly
weat hered sanpl es)
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TABLE 2-9
EXPLANATI ON OF PETROLEUM WEATHERI NG RATI OS

The Bi odegradation Rati o (Al kane/lsoprenoid)

ALK/ISO14-1g = [1400] + [1500] + [1600] + [1700] + [1800]
[1380] + [1470] + [1650] + [1708] + [1810]

The ALK/IsO ratio approaches O as the n-alkanes are depl et ed.

The Saturated Hydrocarbon Wathering Rati o ( SHWR)

SWHR = [sum of n-alkanes from n-C;q to n-Cps]

[sum of n-alkanes fromn-Cj7 to n-C25]

The SWHR approaches 1.0 as |owboiling saturated hydrocarbons
(n-Cyp to n-Cy7) are |l ost by evaporation.

The Aromatic Weathering Rati o (AWR)

Alkyl benzenes + naphthalenes + fluorenes +
AR = phenant hrenes + di benzot hi ophenes

Total phenant hrenes + di benzot hi ophenes

The AWR approaches 1.0 as |lowboiling aromatics are |ost by
evaporation and/ or dissol ution.
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TABLE 2-10

GAS CHROVATOGRAPHY/ VASS SPECTROMETRY | NSTRUMENTAL CONDI TI ONS

I NSTRUMENT:
FEATURES:

| NLET:
DETECTOR
SCAN RATE:

| ONI ZATI ON
VOLTAGE

COLUW

| NTERFACE
CARRI ER GAS

TEMPERATURES

Fi nnegan 4530 gas chromatograph/mass spectroneter

Data General Nova 3 data systemwith Incos data system
Fi nnegan MAT 9610

Splitless

Quadrupl e mass spectroneter

450 amu/sec (45-450 amu)

70 ev

0.25 mmid. x 30 m

SE52 fused silica

(J&W Scientific)

Direct insertion of column into source

Helium 2 ml/min

I NJECTI ON PORT: 270° C

SEPARATOR
SOURCE

GC OVEN:

OVEN. 280" C
250° C _
40-290° C, 10° Qmn (tenperature program

DAI LY CALI BRATI ON: FC43, DFTPP and aronatic m xture

QUANTI FI CATI ON

| nternal standard (o-terphenyl)
(response factors)

-56-




peak was retrieved and conpared with an authentic standard
or to a mass spectrumlibrary to aid in identification

of the conpound. An in-house probability-based conputer
mat ching system the HP 7920 nulti-disc system containing
EPA/NIH probability-based mass spectral libraries, was
utilized for this purpose.

Concentrations of the identified conpounds were deter-
m ned by neasuring peak areas of the appropriate peaks in
the selected ion chronatograns and relating themto that
of the internal standard. Relative response factors for
each conmponent were cal culated from anal yses of anal yti cal
standards, if available, or were extrapolated. The conpounds
reported fromthe cc2/Ms anal yses are listed in Table 2-11
and are presented in a series of Figures in the results
section (e.g. Figure 3.21) with conpound designations as in
Table 2-11.
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TABLE 2-11
GAS CHROVATOGRAPHY/ MASS SPECTROVETRY ANALYTI CAL QUTPUTS

PCLYNUCLEAR AROVATI C HYDROCARBONS

Alkyl benzenes (AB)

C3 to Cg Benzenes (C3AB-CgAB)

Napht hal enes (N)

NaRgthalene (CoN)

2- Met hyl naphthalene (CiN)

| - Met hyl napht hal ene (C3iN)

2 to C4 Alkyl napht hal enes (CoN-Cy4N)

Biphenyl
Acenaphthene

Fluorene
Cciy to C3 Fluorenes

Phenant hrenes (P)

Phenant hr ene (CgoP)

C; to C4 Phenanthrenes (CijP) - C4P)

Di benzot hi ophenes (DBT)

Di benzot hi ophene (C@DBT)

Cc; to C3 D benzot hi ophene (C1DBT-C3DBT)
Fluoranthene

Pyrene
Ci1 Pyrene

Benzo(a)anthracene

Chrysene
Cc; Chrysene

Benzof | uor ant hene

Benzo(a)pyrene
Benzo(e)pyrene

Peryl ene
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SECTI ON THREE

RESULTS (NEARSHORE STUDY)

3.1 Water Col umm

3.1.1 Gl on the Water's Surface and Spilled Q|
Conposition

A series of thirteen oil sanples taken fromthe Bay 9
or Bay 11 test areas was analyzed to determ ne the changing
mol ecul ar characteristics of the oil with tinme, due to the
col l ective processes of “weathering.” The aALK/ISO and SHWR
ratios were used to nonitor these changes as were the percent
saturates and percent aromatics paraneters. \Were GC2/MS
was perforned (3 sanples) the AWR ratio was cal cul at ed
O herwi se the concentration of the easily identified naphtha-
| ene conpounds was used as a weathering marker since the
quantity of these naphthalenes decreases as weat hering
proceeds.

The Table 3-1 results, all based on GC-derived
information, illustrates several interesting trends.
First, there are significant gross conpositional differences
within both discharged oil pools. Note the percent saturates/
aromati cs values of the two Bay 11 “pool” sanples and the
two Bay 9 “diffuser pipe” sanples. The ALK/ISO, SHWR and
AWR ratios are nearly identical for all discharged oi
initially. That oil weathers on the sea surface in Bay 11
is noted by the steadily decreasing SHAR val ues with tine.
One day after the spillage the remaining surface oil has
| ost 42% of its weatherable (< n-Cyg) n-alkanes. The
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Table 3.1.

sucface OI | conpositional summacy

AROVATI C PARAMETERS

3.42

3.47

0.3

0.2

0.1

0.1

nd

nd

nd
nd

nd

nd

nd

1.7

1.2

0.8

1.8

0.9

. 36

nd

1.0

0.7

nd

nd

3.0

2.9

1.4

3.2

2.2

0.40

nd
0.57

2.0

2.8

nd

nd

AE%X TED
GROSS AL COVPCSI TION ARAVETERS
PERCENT PERCENT  PERCENT
SAMPLE 1D SATURATES AROVATI G5 RESI DUAL ALK/ISO  SHUWR
BaY  LOCATION DATE (TI M)
11 Pool g-1 001 49.8 30.0 20.2 2.41 2.20
(1600 hrs) °
11 Pool 8-19 03 39.8 29.2 31.0 2.42 2.22
(1800 hrs} Q)
11 Sea Surface 8-1 8 45,9 22.1 32.0 2.37 2.30
(2100 %rs) W
11 Sea Surfa 8- 20 09 52.7 25.3 22.0 2.53 1.80
{thick b{ acﬁf) (110 hrs) Q)
11 Sea Sgrfac 8-20 QL0 46.2 28.6 25.2 2. 46 1.85
{light Drown (1100 hrs)
]
§ 11 Sea Surface 8-20 Q12 39.9 28.4 31.7 2.29 1.75
(light brown) (1830 hrs)
11 Sea Surface 8-22 Q13 50 50 - 2.10 1.37
(' sheen) (1600 hrs)
11 Boom 8-28 Q24 33.2 23.8 43.0 2.23 1.27
9 Surface Ol 8-27 Q15 54.5 23.0 22.5 2.11 1.22
{coalesed) (1855 hrs)
9 Di ffuser 8-27 Q19 37.7 24.1 38.8 2.41 2.02
pi pe end (1600 hrs)
9 Di f f user 8-27 Q20 43.7 36.8 19.5 2. 45 1.01
pi pe end (1830 hrs)
9 Surface oil 8- 27 Q22 47.1 28.4 24.5 2.35 1.31
é.South of (2315 hrs)
i ffuser)
12 Beach 8-28 Q26 38.2 26.0 35.8 2.37 1.32
by GC2/Ms



surface sheen sanple collected three days after the spill in
Bay 11 is nore highly weathered (72% (sHwrR = 1.37). Note
however, that the invarient ALK/ISO ratio reflects the |ack
of bi odegradation on the water’s surface. An oil sanple
taken six days later illustrates an SHAR of 1.27 and no
change in the ALK/ISO ratio.

O significance in the Bay 9 oil findings is that of
the two sanples of oil seen to surface or coal esce (Q015,
Q22, Table 3-1) both sanples appear highly weathered
vis-a-vis | oss of |ight alkanes (SHWR = 1.22 and 1. 31,
respectively) . These sanples are relatively “young” sam
pl es, yet have been apparently stripped of |ight (soluble)
saturates in the water colum before rising to the surface.
Thus the coal esced oil follow ng chem cal dispersion has
apparently been subjected to accel erated weat heri ng.

The extent of weathering is also noted by the absolute
concentration of the highly weatherabl e naphthalene series.
Where the SHWR equals 1.4 or |ess, the naphthalenes are mnuch
reduced in concentration. Bel ow a SHWR of 1.3 naphthalenes
are not detected. Note that the coalesced oils are stripped
of their light aronmatics (i.e., naphthalenes) as well.

3.1.2 0il in the Water Col um

3.1.2.1 Low Mol ecul ar weight Hydrocar bons

The content and conposition of |ow nol ecul ar wei ght
hydrocarbons (LMWHC) in seawater sanples from the test bays
was determ ned on 73 sanpl es.
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3.1.2.1a Bay 9

Many of the LMAMHC sanples were obtained from Bay 9
during the discharge of the dispersed oil (August 27,
1400- 2000 hours) and through 2400 hours on August 27.
| nst ant aneous LMWHC concentrations ranged from background
| evel s (~30-50 ppb) to 9,100 ppb. The conversion of LMAHC
concentrations to “total oil concentrations” is roughly a
factor of three to four. Concentrations in the bottom
waters along the two shoreline transects, SS1 and SS2
(see Figure 3.1) are presented in Table 3-2. The data are
nore easily visualized when viewed in a series of Bay 9
schematics (Figures 3.2 through 3.11). Not all stations were
sanpled at all times between 1300 and 2400 hours on August 27,
but several trends energe. H ghest concentrations appeared
in bottomwaters at the 10m (SS1) station. Mrked vertical
concentration differences were seen at the Baffin Queen
Station beginning at 1400 hours. Initially (1400 hours)
background |l evels of oil were seen at the 3 mstation
(ssl). Wth time these concentrations increased to a high
of 840 ppb when sanpled at 2300 hours. Elevated LMWHC
val ues (300-400 ppb) were still observed in sanples taken on
August 28 (1100 and 1600 hours), butsoon thereafter the
LMMC | evel s decreased to background |evels (30-50 ppb). No
det ect abl e LMAHC were observed on either August 29 (3 sanples)
or August 30 (4 sanples), two and three days after the spill.

Gaschromatographic traces of LMWHC conpounds in the
sanples (e.g., Figure 3.12) can be converted to conpositional
plots (Figures 3.13 through 3.16) to reveal the maj or conpo-
nents in the sanples. At [ower levels (300-400 ppb) the
predom nant conponents found were the C6 through C9 straight
and branched alkanes, and the alkylated benzenes, toluene,
et hyl benzene and xylene. At higher concentrations the C7
t hrough C9 alkanesbecamethe nost dom nant grouping wth
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Table 3-2. Low molecular weight hydrocarbon results {(in ppb)

. Dept h C7, Cg, Co Et hyl
Bay Station Dat e (m Time n- hexane Al kanes Decane Benzene Toluene benzene
Bay 9 55-1 Aug. 27 3 1500 37 284 10 ? 16
Y NG 27 3 1900 31 218 2 tr 16 2
Aug. 27 3 2300 43 529 56 6 22 29
Aug. 30 3 1600
Aug. 30 3 1700
55-1 Aug. 27 1 1400 5 tr tr 3
Aug. 29 7 1200 8 25 tr 3
Aug. 29 7 1700 3 20 tr
s5-1 Aug. 27 10 1900 65 89 10 3 12 12
Aug. 27 10 2100 290 1470 125 35 185 94
aug. 30 10 1700
55-2 Aug. 27 3 1400 9 tr tr 9
Aug. 27 3 2300 78 360 12 6 33 27
Aug. 29 3 1200 23 tr 12
SS-2 Aug. 27 7 1300 40 1400 210 44 27 51
55-2 Aug. 27 10 1300 50 1300 200 34 35 8
Aug. 27 10 1600 740 4600 390 135 625 195
Aug. 27 10 1700 510 2250 24 58 370 105
Aug. 27 10 2100 240 22 17
Aug. 27 10 2300 120 630 22 tr 56 120
Aug. 28 10 1600 5 10 10 16 24
Aug. 29 10 1200 5 30 tr 4 13
BQ Aug. 27 0 1400 10 tr 10
Aug. 27 0 1600 kY3 210 10 4 14 15
Aug. 27 0 1800 39 250 10 3 18 32
Aug. 27 0 2100 39 220 7 tr 15 10
) Aug. 27 0 2400 71 400 35 11 36 15
BQ Aug. 27 2 1400 20 3 3
Aug. 27 2 1600 30 203 9 tr 13 11
Aug. 27 2 1800 59 368 14 5 25 42
Aug. 27 2 2400 59 4 3 tr 5
BQ Aug. 27 4 1400 12 128 9 6
Aug. 27 4 2100 tr 60 tr tr 14
Aug. 27 4 2300 tr 32 tr tr 5
Aug. 27 4 2400 390 2900 310 51 240 89
BQ Aug. 27 6 1400 28 195 10 tr 14 14
Aug. 27 b 1600 175 1000 76 17 95 63
Aug. 27 6 1800 200 940 38 18 120 67
Aug. 27 6 2100 140 570 38 17 52 49
Aug. 27 6 2300 13 130 5 8 11
Aug. 27 6 2400 59 200 16 10 44 33
n-mcro Aug. 27 9-1o 0200 3 -
Aug. 28 11-12 1100
s-mcro Aug. 27 9-1o 0100

~-) = npone detected (K1 b)
ér)= t?ace (<1 ppb) ( PP
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1,2,4 O her

. . P, M trimethyl alkyl Unknown
Bay Station Dat e Dept h Ti me xylenes Cunene O xyl ene benzene benzenes volatiles TOTAL
Bay 9 ss5-1 Aug. 27 3 1500 16 9 8 12 409
Aug. 27 3 1900 2 21 305
Aug. 27 3 2300 11 22 8 116 842
Aug. 30 3 1600 38 38
Aug. 30 3 1700 17 17
Ss-1 Aug. 27 7 1400 48 58
Aug. 29 T 1200 5 42
Aug. 29 7 1700 25
55-1 Aug. 27 10 1900 11 4 16 = 222
Aug. 27 10 2100 190 30 86 88 315 320 3228
Aug. 30 10 1700 17 - 9 26
SS-2 Aug. 27 3 1400 tr 5 23
Aug. 27 3 2300 41 7 18 18 26 10 636
Aug. 29 3 1200 3 - 38
SS-2 Aug. 27 7 1300 30 15 18 100 480 2415
SS-2 Aug. 27 10 1300 20 11 10 50 420 2138
Aug. 27 10 1600 570 94 260 210 570 530 8919
Aug. 27 10 1700 440 25 146 105 260 230 4523
Aug. 27 10 2100 5 8 5 50 20 367
Aug. 27 10 2300 20 10 69 27 100 20 1194
Aug. 28 10 1600 20 15 10 40 10 120
Aug. 29 10 1200 52
BQ Aug. 27 0 1400 3 10 33
Aug. 27 0 1600 16 1 3 30 349
Aug. 27 0 1800 32 25 28 15 27 10 489
Aug. 27 0 2100 15 10 6 15 337
Aug. 27 0 2400 40 20 22 14 40 33 737
BQ Aug. 27 2 1400 3 4 - 21 54
Aug. 27 2 1600 12 8 3 22 311
Aug. 27 2 1800 48 41 54 13 80 10 759
Aug. 27 2 2400 - - 18 89
BO Aug. 27 4 1400 14 tr 17 - 186
Aug. 27 4 2100 tr tr te 17 91
Aug. 27 4 2300 tr 6 18 61
Aug. 27 4 2400 290 60 135 145 370 375 5325
Bay 9 BQ Aug. 27 6 1400 13 I 6 17 10 314
Aug. 27 6 1600 120 19 56 56 95 81 1853
Aug. 27 6 1800 150 38 78 40 165 40 1894
Aug. 27 6 2100 81 40 57 36 69 70 1221
Aug. 27 6 2300 11 11 5 18 10 222
Aug. 27 6 2400 62 5 23 30 38 10 530
n-nicro Aug. 27 9-10 0200 12 4 19
Aug. 28 11-12 1100 50 50
s-nmicro Aug. 27 9-10 0100 38 38
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Table 3-2 (Continued). Low nolecular weight hydrocarbon results

1,2,4 Qt her
. . p, m trimethyl alkyl Unknown
Bay Station Dat e Dept h Ti me xylenes Cumene O-xylene benzene benzenes volatiles TOTAL
Bay 11 Ss-1 Aug. 20 3m 900 10 3 5 53
Aug. 20 3m 1000 3 4 5 57
Aug. 20 3m 1100 39 39
Aug. 20 3m 1200 3 26 43
Aug. 20 3m 1600 - 4 20 46
SS-2 Aug. 20 3m 1000 - 32 59
Aug. 20 7m 1000 13
n-boom  Aug. 20 2-4 m 1500 - | 3 14
s-boom  Aug. 20
m d-boom Aug. 20 0-2 m 1600 - - 3 2 23
n-mcro Aug. 20 0-2 m 1700 6 3 28 3 72
n-mcro Aug. 20 11.0 m 1700 8 8
Bay 10 n-mcro Aug. 28 3-4 m 2000 3 3 - 14 164
5-6 m 0200 90 tr 43 10 190 112 1491
9-10 m 0200 3 - 10 37
s-mcro Aug. 28 7-8 0100 7 4 9 196
9-1o 1900 4 - 10 122
15 1900 14 13 101
Aug. 29 7-8 0100 10 - 6 19 212
7-8 1400 28 - 20 tr 48 10 372
BQ Aug. 28 2 1800 5 - 10 10 146
2 1800 tr 13 - 155
4 1800 4 - tr - 6 71
Aug. 29 6 1300 10 5 7 8 - 213




Table 3-2 (Continued). Low nolecul ar wei ght hydrocarbon results

C7. Cgs Cg Et hyl
Bay Station Dat e Dept h Tine n- hexane Al kanes Decane Benzene Toluene benzene
Bay 11 Ss-1 Aug. 20 3m 900 25 3 3 5 3
Aug. 20 3m 1000 27 2 3 13
Aug. 20 3m 1100 -
Aug. 20 3m 1200 2 12
Aug. 20 3m 1600 8 6 2 6
SS-2 Aug. 20 3m 1000 20 2 5
Aug. 20 7m 1000 - 4 2 7
n- boom ﬁug. 20 2-4m 1500 - 10 -
-b ug. 20
idmoomAuGY 20 0-2m 1600 1 | , |
n-mcro Alg. 20 0-2m 1700 16 8 3 5
n-mcro Aug. 2o 1.0 m 1700
Bay 10 n-mcro Aug. 28 3-4m 2000 6 120 118 151 751 275
5-6 0200 45 80
3:90"m 0300 e " = { i
s-mcro Aug. 28 7-8 0100 1 0 1 10
’ 010 1900 : 3 : 3 ’ i
15 1900 63 6 tr tr 5
Aug. 29 -8 0100 12 140 9 tr 11 ]
-8 1400 13 200 10 tr 18 25
Aug. 28 2 1800 i 92 0 4 ] 1
5 ’ 7 1800 ; 117 10 3 ]
4 1800 4 42 tc ] 10
Aug. 29 b 1300 b 147 ! tr 12 12
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Figure 3.1. Location of Sampling Points within Experimental Bays (Bay 9).
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avariety of alkylated benzenes and |ow | evel s of benzene
itself present. Note the conpositional variations within
the water columm that were seen where |arge concentration

di fferences exist (Figure 3-13). However, where concentra-
tions are above 500 ppb, a full suite of LMAHC (Figure 3-15)
was detected and the conposition changes little with in-
creasing concentration. Note in Figure 3-15 the order of
magni tude increase observed in LMAHC concentration at

m d-depth with virtually no change in conposition. That
this uniformty of conposition persists, a conposition which
is very simlar to the dispersed oil when it first emerges
fromthe diffuser system and characterizes sanples that
have been waterborne for at |east five hours (see Figure 3-15;
2400 hours) indicates that dispersed oil droplets (i.e.,
whol e unfractionated o0il) persist in the system for nany
hours with little evaporative |oss of the LMWHC during

the dispersed oil’s residence in the water colum.

3.1.2.1b Bay 10

A series of 12 LMwHC sanples was taken at three |oca-
tions and at various tinmes at Bay 10 (Table 3-2). Sever al
results are noteworthy. A distinct mdwater plunme of oil
movi ng northward out of Bay 9 and through Bay 10 is detected
at the Nmcro station at 5-6 mdepth. The observed oi
concentration was 1500 ppb, but the concentration at the
9-10 mdepth was only near background at the sanme tine.
Concentrations were sonewhat elevated at the S-mcro station
at 0100 hours (August 28) at 7-8 mdepth (200 ppb). That
LMWHC persisted in the Bay 10 system through August 28 is
evident from the nodest elevations in LMAHC | evel s
(100-300 ppb) in all sanples taken during August 28. In
sanpl es taken at 1300 and 1400 hours on the 28th, levels of
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LMAHC were ~300 ppb with a |owlevel conposition very
simlar to that observed in Bay 9 (see Table 3-2). No
sanpl es were taken after 1400 hours on August 28 in Bay 10.

3.1.2.1c Bay 11

Eleven sanpl es were taken between 1800 hours on
August 19 and 1700 hours on August 20 for bottom water oil
concentration determnations in Bay 11. Only very |ow
| evel s (background to ~100 ppb) were observed in these
sanples. LMWHC were elevated in surface waters (e.qg.
m d- boom station O-3m 1600 hours; 20 August) when sanpl ed
(~150 ppb), but in general water column | evels of LMWHC in
Bay 11 were quite low (<10 ppb).

Bay 11 was al so sanpled for LMWHC at 1100 and 1500 hours
on August 29. Levels of LMwHC in the water colum were in the
80- 350 ppb range indicating either continued “leaching” of oil
off of the Bay 11 beach or persistent |owlevel cross contam
ination fromthe dispersed oil spill. LMMC levels at Bay10
during the same tine period were also ~350 ppb. Therefore, we
have no way of discerning which of the above explanations is
nost pl ausi bl e.

3.1.2.2 High Ml ecul ar weight Hydrocarbons
(4 Liter Sanpl es)

A wide variety of unfiltered water sanples was obtained
for analysis to deternmine (by GC) hydrocarbon concentra-
tions in the water colum and to exam ne conpositiona
changes in the oil. Additionally, analytical work has been
performed on the chem cal conposition of Corexit 9527 disper-
sant.
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3.1.2.2a Bay 9

Not surprisingly, oil concentrations in Bay 9 were
observed to be the highest of any in the study (Table 3-3).
Al t hough the discharge of dispersed oil began at 1400 hours,
concentrations were generally low at Baffin Queen (BQ) and
SS1 (3 and 7 meters) stations (see Figure 3-1) during the
first hours of the spill. QI at concentrations of ~12 ppm
were, however, observed at 1400 hours at the SS2 (10 m
station closest to the discharge pipe. Concentrations at BQ
wer e hi ghest between 1800 and 2400 hours when m dwater and
bottom wat er val ues were 2 to 6 ppm Simlarly, the 1800
and 2300/ 2400 hours sanmples at SS1 and SS2 contai ned high
(5-44 ppm concentrations of oil. Concentration |evels
remai ned in the 200 to 400 ppb range through August 29 and
t hereafter decreased to background |evels, as evidence by
sanpl es taken at the microbiology stations (H5, Hb6).

That compositionally unaltered oil remained in the sys-
temfor at |east several days (i.e., through August 29) is
indicated by the GC'data which for the nobst part revea
only a lightly weathered saturated hydrocarbon assemblage,
with sewr values of 2.1 to 2.6. Figure 3-17 illustrates the
conposition of the oil (SHWR=2.2) present in the water
colum (H5; N-micro) on August?29. Sone noderate weathering
did occur where oil levels were |ow or noderate, such as with
t he anomal ous 2-meter Baffin Queen sanple (SHWR=1.0; 2300
hours) “sandwi ched” by fresher oil (sHWR=2.2,2.3) above and
below (Figure 3-18). Additionally there is evidence for
subsurface plunes with enhanced concentrations of the water
sol ubl e aromatics as evidenced in Table 3-3bythe AWR val ue
of 5.3 occurring at 4 neters in the Baffin Queen series.
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TABLE 3-3
BAY 9 HMWHC DATA - WATER

STATI ON DATE DEPTH TI ME CONC . SHW\R AWRE
(ng/L)

BQ 8/27 0 1400 1.1 1.4
2 1400 125.0 2.2
4 1400 100.0 2.2
6 1400 ~500 1.4

0 1800 1400 2.3 2.2
2 1800 1400 2.1

4 1800 4800 2.4 3.1

6 1800 5800 2.4 3.0

0 2400 1750 2.2 3.3
2 2300 68.0 1.0

4 2400 4500 2.3 5.3
6 2400 2700 2.1
Ss 1 8/27 3(bottom) 1600 25.0 -
7 ") 1400 8.0 1.3
10 (%) 2300 4900 2.1
Ss 2 8/27 7(bottom) 1400 8400 2.2

10 1400 11800 2.4 4.7
3 1800 3100 2.6

10 1800 40000 2.4 4.1

10 2300 2800 2.6 2.4
8/28 10 1600 180 1.9
NNMcro 8/29 5 -—- 350 2.2
(HS5) 9/ 3 5 11 -
9/12 5 2 -
S-Mcro 8/29 5 210* - -
( H6) 9/'3 5 5 -
9/12 5 1 ---

*|largely non-petrol eum
aby Gc/ms
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In general, the lower levels of oil seemto be charac-
terized by greater weathering, perhaps inplying a physico-
chemical fractionation followed by differential novement of
“di ssolved” (colloidal) and particulate oil plumes. The
| ongevity of oil of simlar conposition to that discharged
may be attributed to either the I[ong-term di spersant-nediated
stabilization of discharged oil droplets or the coincidental
nmovenment of dissolved and particulate oil plunmes, the forner
containing the lighter saturates and aromatics and the latter
containing particulate depleted in these nore easily weathered
conponents, the combi nation of which give the appearance of
unaltered oil. Such a difference is observed by conparing
the GC'traces in Figures 3-19 and 3-20. The whol e water
sanpl es taken from SS2 (10 m) at 2300 hours are nore concen-
trated (2.8 ppnm) substantially |ess weathered than one taken
some 6 hours earlier at the BQsite (1.4 ppm (note that
there was no conpositional difference at the BQsite at this
time; Table 3-3). Therefore, one concludes that a dissolved
oil plume characterized by light aromatics (Figure 3-19) and
saturates coincides with the particulate plume in this
“ol der” sanple. \ere differential novenment of water and
oil particle plunes occurs, the oil appears depleted in this
dissolved material, such as that observed in sanples with
| oner overall oil concentrations.

Gc2/Ms anal yses of several Bay 9 HWWC sanpl es have been
performed to date as indicated in the AwR colum in Table 3-3.
Conpositions of these sanples are plotted in Figures 3-21 and
3-22. O wparticular note is the fact that with the very high
concentration levels (12-40 ppm) the AWR val ue is sonewhat
higher than in the oil/dispersant mxture (9%3.5-5.5), indi-
cating water colum enrichment of light aromatics (e.g. ,
naphthalenes, alkylated benzenes) in these sanples and
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Figure 3.21. Aromatic hydrocarbons inHMWHCsamples (Bay 9).
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Figure 3.22. Aromatic hydrocarbons in HMWHC samples (Bay 9).
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i nplying an enrichment of dissolved conponents in the sub-
surface plune of dispersed oil. The levels of naphthal ene
are observed to be as high as 45 ug/1, methyl naphthalenes
as high as 100 ug/1l, dimethyl naphthalenes as high as 210

ng/1 and alkyl benzenes as high as 40 ug/1 in the water
column sanpl es. More comonly, the range of these toxic

aromati ¢ conpound concentrates are 1-50 ppb (ng/1) during
t he di scharge.

The longer term nature of aromatic hydrocarbon concentra-
tions are revealed in the HWHC (| arge vol ume) sanples (see
Section 3.1.2.3).

3.1.2.2b Bay 10

Concentrations of oil in the water colum of Bay 10
were | ower than those for Bay 9, butreflected the sane
concentration and conpositional trends. The highest instan-
taneous concentration observed in Bay 10, 2.8 ppm (see
Table 3-4 and Figure 3-23), was at the S-micro station at
~4 mdepth at 0100 hours on August 28. It has been shown
(Volume 1) that oil had entered Bay 10 earlier than this
time by direct northern transport of dispersed oil. |ndeed,
Geen et al. (1982) showed that ~1 ppmof oil was found
at 6 meters depth in Bay 10 at 1530 hours on August 28.

Compositionally we again find that oil “parcels” of |ow
to medi um concentration |evels (10-300 ppb) are nore highly
weat hered than oil at higher levels (>1000 ppb) even though
the latter oil may have been in the systemfor a longer period
of time. This is again evidence for the coherent novenent of
particulate oil, dissolved oil, and seawater with the differ-
ent physical -chemcal forms of oil noving together with little
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TABLE 3-4
BAY 10 HWAHC DATA - WATER

STATI ON DAT E DEPTH TI ME CONC . SHWR
(m (ug/L)
BQ 8/28 6.5 1300 2.3 1.0
(Baffin
Queen )
N-Micro 8/ 21 9-10 2300 2.6 -—-
(H3) 2-4 2300 1.3 -
6- 8 2300 1.7 -
8/ 27 9-10 2000 100 2.0
8/ 28 0-2 0200 151 1.9
7-8 1400 570 2.1
9-10 0200 17 1.5
8/ 29 5 58 1.7
9/5 5 16 T
9/ 12 5 18 —-—-
S-Mcro 8/ 29 9-10 1600 250 2.0
(H4) 9/3 3-4 0100 2820 2.6
9/" 12 9-10 0100 340 1.2
8/ 29 5 86 2.2
9/5 5 16 T
9/12 5 3
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m Xi ng, thus preserving higher concentrations of “fresher”
oil. Indeed, the 4 mparcel of oil reaching the S-mcro
station at 0100 hours on August 28 is quite fresh in spite
of its presumed circuitous novenment fromthe diffuser, first
southerly and then northerly, passing through Bay 9 and into
Bay 10. It is interesting to note that this “preserved”

oil layer overlies an older, nore weathered, and chromato-
graphically altered oil at 9-10 neters.

3.1.2.2c Bay 7

The only water sanples available to this programfrom
Bay 11 were those microbiology station sanples at N-mcro
(H7) and S-micro (H8) conmmencing on Septenber 3, or nearly
one week after the dispersed oil spill. These concentrations

(Table 3-5) indicate that very |low |levels of petroleum were
observed.

The GC profiles reveal ed hydrocarbon conpositions
resenbling small anounts of petrol eum conbined with |arger
anmounts of biogenic material. Concentrations in Table 3-5
reflect mainly the biogenic part of the GC2 trace conprised
of small anounts of substantially weathered (SHWR=1.1-1.4)
oil.

3.1.2.24 Bay 11

HMWHC neasurements were made at four different |ocations
at Bay 11, from August 19 through Septenber 3, and at three
other locations from August 22 to Septenmber 12. Concentra-

tions during this time ranged fromno detectable oil (less
than 0.5 ppb) to 730 ppb (Table 3-6; Figure 3-24). The
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TABLE 3-5
BAY 7 #HMwHC DATA - WATER

CONCENTRATI ON

STATI ON DEPTH DATE ( ng/l) SHR

N-Mcro 5 9/3 5 (48)a 1.4
9/12 2 (4) —

SMcro 5 9/3 5 (lo) 1.2
9/12 4 (8) 1.1

aNumbers | N parentheses represent total “hydrocarbons”

in GCtrace; unbracketed nunmber is estimted petrol eum
content of sanples.

-98-—




TABLE 3-6

BAY 11 HWWHC DATA - WATER
STAT 10N DATE TI VE CONC . SHVR AVRa
(ug/L)
SS-1 (3m 8/ 19 1700 |l ess than 0.5 ---
bot tom 2000  less than 0.5 ---
8/21 0900 6. 4 1.2
SS-2 (3m 8/19 1700 1.1 2.3
bot  t on) 2100 8.4 1.1
8/20 1600 4.3 1.0
1700 5.5 1.2
8/21 0900 2.0 3.5
N- boom 8/19 1500 0.5 1.0
(G-2 m) 1700 5.9 1.4 4.6
1800 0.5 1.1
2100 140 1.6 31
8/20 1700 730 1.0
S-boom 8/20 1700 7.4 1.3
(02 m
M d- boom 8/ 22 1600 720 2.3 5.8
(02 m
N-m cro 8/29 -- 63 1.6 3.2
(HI, 5 m) 9/5 29 --- —_———
9/12 4 1500
S-nicro 8/29 - 61 2.0 3.1
(K2, 5m g5 410b 1500
9/12 6 e

aF,, cce/ms dara.
bLargely nonpetroleum.
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hi ghest concentration was observed in tw sanples of surface
water. Note that while the concentrations are the same, the
m d- boom (8/22) sanple contained very fresh oil (Figure 3-25;
SHWR=2.3), and the N-boom sanmple (8/22) contained a weat hered
oil (Figure 3-26; SHWR=1.0) and an anonal ous aromatic GC
profile. Neither sanple wasmicrobially altered as is

evi denced fromthe high ALK/ISO ratios in these sanples (4.4
and 3.7 respectively).

CCprofiles transfornmed into SHAR data (Table 3-6)
i ndicate ahighly variable degree of weathering of oil cap-
tured in water columm sanples.

Concentrations at the mcrobiology stations H1 and H2
determ ned from August 29 reveal significant concentrations
of oil, ~60 ppb on the 29th, which could have resulted from
intrusion of dispersed oil (Bay 9,10) or fromleaching off of
the Bay 11 beach. Gc2/mMs results (Figures 3-27 a,B, 3-28)
are nost revealing in that water-borne oil from August 29
consisted of nore or less whole “fresh oil" (AWR = 3.1) while
only a dissolved fraction, abundant in naphthalene, nethyl
naphthalene and alkyl benzenes were detected on Septenber 5
and 12 (AWR = 1500, see Table 3-6).

The lack of sanples taken between August 22 and 29
precl udes any speculation on trends in Bay 11 water colum
concentrations prior to the dispersed oilspill. The presence
of whole oil in the water (60 ppb) on August 29 inplies sone
Bay 10 to Bay 11 cross-contam nation.

Notet hat the 410 ppb value (S-mcro, Sept. 5; Table 3-6)
corresponds to a largely non-petrol eum component distribution
(see Figure 3-29). The relationship of this GCdistribution
with that in Corexit 9527 is being investigated.
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Much of the available fluorescence data indicate that oil
was |argely confined to the top nmeter of the water columm of
Bay 11 and that bottom water at 3 m depth contained no oil.
GC2 data (Table 3-6) confirmthe presence of large quantities
of oil (700-1000 ppb) in surface waters, but owing to the
| ower detection limts of the GC2 nethod, |ow [evels of oil
were detected in bottom waters.

3.1.23 H gh Mol ecul ar Wi ght Hydrocarbons
(Large- Vol une Sanpl es)

The | arge-vol une water sanples consisted of two parts:
(1) a filter upon which particul ate hydrocarbons were obtained
and (2) a polyurethane plug |ocated “downstreant of the
filter, upon which “di ssol ved” hydr ocar bons which passed
through the filter were obtai ned.

3.1.2.3a Bay 9

Sanpl es were obtained during the period August 13 to
Septenmber 5, 1981 fromthis bay. The highest concentrations
observed were in the particulate fraction of the first sanple
taken after the spill (1.5 days after the spill on August 29).
Concentrations of particulate oil were observed to be 22 ppb
(=ug/L)at 2 neters depth. (Due to the uncertainty as to the
vol unes of water actually processed, these concentrations
shoul d be considered to represent mninmum values. The data
set is valuable in ascertaining the presence of oil in the
water columm and in revealing its conmposition. ) These |evels
(Table 3-7) are simlar to those observed two days |ater
(August 3; 18 ppb) at 6 neters depth. Thereafter |evels
decreased (see Figure 3-30), but noderately weathered petro-
| eum was detected on Septenber 5. Concentrations in the
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TABLE 3-7
H GH MOLECULAR WAEI GHT HYDROCARBONS [N LARGE VOLUME SAMPLES

FILTERS (PARTI CULATE QOI'L) PLUG (“DI SSOLVED orL")
NoM | NAL NOM NAL
BAY DATE DEPTH C]( L cc))Nc. setwr  AWR GC TYPE C]( L ccinc. SH'R AWR GC TYPE
ng/L ug/L
9 Aug 13 5 0.2 c/B 0.2 HO
27  mmrmeeeeeseeeee-eo---- s Pl L L ----rrrmmmmmmmmmmmmen oo
29 2 22.0 1.8 1.0 FO 0.8 1.1 1.7 W\BF
31 6 18.0 1.5 MO 1.8 --- W6F
Sept 2 6 2.5 1.4 MO 0.7 WSF
5 6 0.7 1.4 MO 0.3 W6F
10 Aug 14 s 0.2 CB 0.1 ---  ~--- HO
8 5 0.2 dB 0.05 --- --- CB
23 3 0.2 dB 0.05 --- --- CB
A R S P I L L rrmmmemmemmmemmimies mieeees
28 4 30.0 1.7 --- FO 4.6 1.8 2.3 FO
30 6 21.0 1.3 1.0 MO 2.9 1.9 1.5 FO/WSF
Sept 4 6 0.2 CB 1.5 1.9 --- FO
7 Aug 27 2 1.9 1.1 --- HO/B 0.7 1.1 --- HO
29 2 1.0 1.2 HO B 2.2 1.7 --- HO/WSF
Sept 6 6 0.2 c/B 0.1 1.1 --- HO
11 Aug 12 4 0.5 --- --- CB 0.2 --- --- HO
---------- - SPI LL i#l h
19 3 59 19 -——  faB 0008 .- .- qgs
20 1 10.2 1.7 1.4 FO' B 0.5 1.0 --- HO
21 1 2.0 1.3 HO B 0.05 --- --- dB
22 1 3.5 1.6 MJ B 0.3 1.0 1.6 \BF
22 6 0.6 1.5 MJ B 4.7 1.0 --- \BF
24 6 0.9 1.4 MJ B 0.2 1.0 --- \BF
25 1 2.2 1.5 M) B 0.6 1.0 --- HO/WSF
25 6 0.9 1.2 - HO B 0.4 1.0 --- HO
--------------------------- S P11 L L # - s o
Sept 36 1.3 1.2 .- HO' B 0.05 --- --- B

apata by GC<4/MS.
KEY : CGC TYPE FO: “fresh” oil
¥ oil With noderate weathering (sawr 1.5-1.7)
HO  oil with heavy weathering (suwr | ess than 1.4)
WeF:  water soluble fraction of oil (mainly aromatics)
B.  biogenic conpounds
¢: clean GC trace with respect to petroleum
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filterable of “dissolved” fractions of these sanples was
consi derably |ower, never exceeding 18ppb. Trends in
concentration data are graphed in Figure 3- 30.

Conpositions of petroleumresidues in the two fractions
differed markedly. In general, the particulate oil residues
consi sted of saturated hydrocarbons at various stages of
evapor ative/ di ssol ution weathering as defined by the SHWR.
Wth time, this saturated assenbl age | ost progressively nore
of its C19-Cy7 components (SHWR changing from 1.8 to 1.4).
The particul ate sanples contained only very small quantities
of aromatic hydrocarbons and only those associated with the
two-ringed conpounds. Representative GCtraces are shown
in Figures 3-31 through 3-33. \Were levels were noderate to
hi gh, both the dissolved and particul ate sanples contain
whole oil. The dissolved fraction, though, contained much
| ess saturated material than did the particulate and
i ndi cations of water soluble aromatics (Figures 3-31 and
3-32). Saturated hydr ocar bon conposition of the particulate
fraction varied with time (Figure 3-33).

GC2/MS results are presented in Table 3-8 and indicate

t he presence of naphthal ene conmpounds in the dissolved fraction
only and equal amounts of the other aromatics in both fractions.
That the overall abundance of hydrocarbons is greater in the

£1 fraction indicates that this fraction is prinmarily of a
saturated hydrocarbon nature.

3.1.2.3b Bay 10
As in Bay 9, the pre-spill (dispersed oil) hydrocarbon
values in both the particulate and dissol ved sanples from

Bay 10 were on the order of 0.05 to 0.2 ppb, reflecting
bi ogenic material and low |levels of naterial classified
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TABLE 3-8
ac2/us RESULTS - LARGE VOLUME WATER SAMPLES (ng/1)

BAY 9 - AUG 29 BAY 10 - AUG 30 BAY 10 - AUG 28 BAY 11 - AUG 22 BAY 11 - AUG 20
2 MVETERS 6- METERS 4- METERS 6- METERS 1- METER
PARTI CULATE DI SSOLVED PART . DISS. PART . DISS. PART . DI SS. PART . DISS.

Alkyl benzenes ND ND ND ND ND ND ND
Napht hal ene -— - T
C[t)q (N - 1.3 53 -
&N 17 — - 90 -- 2.0
GN 3.3 - 2.5 110 1.0 6.0
CAN 2.4 4.1 25 2.5 5.4
IN ND 8.7 ND 6.6 278 3.5 13.4
Fluorenes (F) 6.0 "
CyF 1.1 23
C%F —- 3.1 40 2.1 1.6
C3F 3.3 8.4 6.1 3.6
IF ND ND ND 7.5 77 8.2 5.2
Di benzot hi phenes (bet) —_—- 8
C1DBT - 4.1 40 1.0 1.9

DBT -— 6.1 50 1.0 4.8
C30BT 1.7 1.2 3.8 10 2.1 5.7
IDBT 1.7 1.2 ND 14.0 108 4.1 12. 4
Phenanthrene (P) T - 1.1 1.8 24 --- 1.1
C1P - 1.1 1.0 4.7 69 2.6 4.9
CaP 1.1 1.2 2.7 4.1 60 2.8 13
3P 2.0 3.0 " 2.8 8.8 4.7 15
AP 1.2 1.0 3.0 6.1
LP 4.3 6.3 4.8 13.4 162 13.1 40.1
EN+F+DBT+P 6.0 16. 2 4.8 41.5 625 28.9 71.1
AVR 1.0 1.7 1.0 1.5 2.3 1.6 1.4




(Table 3-7) as highly weathered petroleum This my represent
| ow | evel s of actual background petrogenic material, as has
been previously determ ned (Boehm 1981a) or nay be related to
insignificant but detectable |levels of sanpling contam nation.
Levels in Bay 10, obtained after the Bay 11 spill (August 19),
do not indicate any noverment of oil out of Bay 11 into the

adj acent bays. Bay 10 water levels, of course, increase to

30 ppb (particulate) and 4.6 ppb (dissolved) after the dispersed
oil spill in Bay 9 (August 27). Levels hold constant (~20 ppb
[particulate], 2.9 ppb [dissolved]) through August 30.

However, |evels of the dissolved hydrocarbons are nore signifi-
cant in these Bay 10 sanples than was observed in Bay 9, with
di ssolved levels in Bay 10 approxi mately 15 percent of the
particul ate values (see Table 3-7 and Figure 3-34). Rat her

t han consisting of just the water soluble aromatics, the Bay 10
“di ssolved” fractions (August 28) contained altered “fresh

oil” with a conplete suite of aromatics (Figure 3-35) and a
skewed saturate distribution conpared with the oil itself.

The Septenber 4 sanple is quite interesting because although
no particulate oil was found, low (1.5 ppb) levels of oi
(Figure 3-34) were found on the plugs (i.e., filterable).

Whet her this material is truly dissolved or whether submicron-
sized oil particles have passed the filter yielding a GC2
profile in Figure 3-36B is not known.

GC2/Ms-derived aromatic hydrocarbon results are pre-
sented in Table 3-8. The results, coupled with the gross
concentration information in Table 3-7, confirmthat nost of
the |ight aromatic hydrocarbons reside in the dissolved (or
colloidal) state (AR = 1.5-2.3), while the nore concen-
trated £y fraction contains prinmarily saturated hydrocarbons.
The Bay 10 August 28 sanple contains a total of 4.6 ppb of
oil of which 0.6 ppb is aromatic hydrocarbon material.
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3.1. 2.3c Bay 7

Only three sanples were obtained fromBay 7 (Table 3-7,
Figure 3-37). Low levels (2.6 ppb) of petroleum were
observed on the day of the Bay 9 (dispersed oil) spill,
mainly in the particulate form In contrast, the waterborne oi
sanpl ed from Bay 7 on August 29 was primarily in the filterable
(i.e., water-soluble/submicron tar) form (Figure 3-37). Al
sanples from Bay 7 consisted of a highly weathered saturate
hydrocarbon assenbl age (Figure 3-36C). A representative
particul ate/ di ssol ved saturated hydrocarbon pair is illus-
trated in Figure 3-38). Levels returned to pre-spill val ues
bet ween August 29 and Septenber 6 (Table 3-7).

3.1.2.34 Bay 11

Water columm nonitoring using |arge volune sanplers began
at Bay 11 prior to the surface oil (Bay 11) spill on August
19, and conti nued through August 25. An additional sanple was
obt ai ned on Septenber 3. No sanples were obtained during the
time period immediately follow ng the dispersed oil (Bay 9)
spill on August 27 (see Figure 3-37; Table 3-7). Levels of oil
observed at 3 neters depth on August 19 were ~6 ug/L. Surface
(1 m sanples obtained on August 20 were 10 ug/L. Detectable
| evel s of progressively nore weathered particulate oil were
observed through Septenber 3 (Table 3-7; Figure 3-39).

The total filterable or dissolved oil concentrations
are always at least a factor of two |ower than the particulate
fraction, although a greater proportion of these conpounds
are aronatic hydrocarbons. Compositionally the petrol eum
hydrocarbons in Bay 11 which pass the filter nost often are
conprised of |low |evels of high nol ecul ar weight n-alkanes
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with a significant unresol ved conplex m xture (UcCM), and two-
ringed aromatics (mainly naphthalenes) in the water-sol uble
fraction. The presence of this conposite |eads us to
conclude that the filterable or dissolved material is
actually a mx of submicron tar particles and truly dissolved
aromatics. Sone exanples of the GC-derived conpositions

are indicated in Figures 3-40 and 3-41.

The petroleumin the water colum in Bay 11 was detected
in surface (1 m, mdwater (3m, and bottom (6 m waters
prior to the Bay 9 spill (dispersed oil). One may concl ude
that low | evels of oil which eroded fromthe Bay 11 beach were
transported to the benthos, a phenonmenon confirnmed by biotal
data (see section 3.4).

3.2 Gl in the Sedinents

Sedi ment sanples were obtained fromthree sanpling
“grids” fromthe four bays prior to and during two sanplings
after the spillages of oil. Additionally, sedinment floe
(i.e., the diver acquired top 2-5mm of newly deposited
sediment) was col |l ected where present. Al sanples were
anal yzed by UV/F to determ ne gross petroleum (i.e., petroleum
fluorescence equivalents) levels. However, the detection of
low | evel s of petrol eum equivalents by UV F, as in pre-spill
and other sanples, did not necessarily indicate the presence
of “oil” since background natural fluorescence does occur
and is measured as “petrol eum equivalents.” Therefore GC
and Gc2/Ms anal yses were used to exam ne the conpositional
nature of oil in the sedinents, and where very |ow (near
background) |evels of “petrol eum equival ents” were neasured,
to ascertain whether oil was actually present.
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3.2.1 Bay 9

3.21.1 Tissue Plots (Sedinents)

3.2.1.1a Tissue Plots (UV Sedinents) Bay 9

Sampl es of surface sedinent fromthe top two centinmeters
of bottom material were collected fromthe tissue plots
(#1-10) of Bay 9 on August 10 (pre-spill), August 28
(+1day fromthe dispersed oil spill) and Septenber 10
(+14 days fromthe dispersed oil spill). The divers scooped
the sedinment surface with a glass jar and probably collected
sone surface floe along with the surface sedinent. Concentra-
tions of oil as determined by UV/F were reported in micrograns
per gram of dry sedinent.

The levels of petroleum fluorescent equivalents in
sedi ments col |l ected during the pre-spill sanpling were
measurable (Figure 3.42) but less than 0.6 ug/g. The concen-
tration of petrol eum equivalents was 0.38 (-. 13, 1.2)l and
0.34 (.13, .57)! ug/g for the 7 mand 3 mdepth strata, respec-
tively. As discussed below, no petroleumwas found in these
pre-spill sanples, and the observed fluorescence was due to
naturally occurring fluorescent conpounds. In general, con-
centrations | ess than 0.6ug/g can be considered uncontam nat ed.

One day after the dispersed oil spill, the concentrations
of oil increased by an order of magnitude @m: 2.1 [1.5, 2.7],
3m 3.1 [1.9, 4.7] ug/g) (Figure 3.43). Concentrations of

lThe WV fluorescence data is reported for each depth

stratumusing the follow ng convention: geonetric nean (| ower
95% confidence limt, upper 95% confidence limt). The

statistical calculations are discussed in Section 3.2.7, and a
summary of all cal cul ations appears in Appendix A
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oil continued to increase significantly (7m 9.0 [5.2, 15],
3m 5.3 [2.4, 11] ug/g) by two weeks after the dispersed oil
spill (Figure 3.44). The observed increase in petrol eum
concentrations over the two week tinme period follow ng the
spill may have been due to a lag in the sedinentation and
incorporation of oil into the sedinment, or transport of nore
highly oiled sediments fromoutside of the study area. The
variability of petroleum concentrations within the study area
was | ow for both post-spill sanplings, which suggests a
relatively honobgeneous oiling of Bay 9 sediments. The two
depth strata were statistically indistinguishable from each
other for all three sanplings.

3.2.1.1b Q| Conposition by GC

GC anal yses were perfornmed on sanples from four
stations fromeach of the post-spill sanpling periods.
Due to | ow background | evels of hydrocarbons it is relatively
straightforward to identify oil-inpacted sediments from
their fy (saturates) GC'trace oil. Several generalities
can be stated:

a. There is no evidence for biodegradation of oil in
anY of the sedinments. The GCprofiles and the
rel ati ve abundance of n-alkanes and i soprenoids
remai ns constant in oiled sedinments fromall bays
and at all tines.

b. The pre-spill and unoil ed sedinents contain prom nent
n-Cy7, pristane, n-25, n-C27, n-39, n-C31, n-C33
Beaks indicating a mx of marine and terrigenous

i ogeni ¢ nol ecul es.

c. A very high pristane (biogenic) to phytane (petrogenic)
ratio in pre-spill sanples >10 gives way to a | ower
value (<3.5) due to inputs of petrogenic phytane.

The nore oil, the lower the ratio as it approaches
that for oil (~0.6).
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d. A high carbon preference index (cpr) = 2(n-C27 +
n-C9)/(n-Cog + 2n-Cog + n-C3g) in unoiled
sanp?es (5-18) gives way to a |ower value (< 3.5)
in oiled sedinments due to inputs of even carbon
nunber normal alkanes.

e.  An odd/even preference ratio in the n-Cyj2 to n-Cag
region would clearly indicate the absence of oil.
Even chain n-alkanes in this boiling range are

present in very small quantities in pre-spill or
unoi | ed sedinments while oil is abundent in these
conpounds.

A representative set of GCtraces for oiled and
unoi | ed sedinents (Figure 3-45) illustrates these points as
does an n-alkane plot (Figure 3-46). In this latter graph
(Figure 3-46) unoiled sedinments are seen to be influenced by
n-Cys, and n-Cj37 (planktonic origin), as well as the odd-
carbon higher nolecular weight n-alkanes. QOled sedinments
add consi derabl e n-alkane material in the n-Cy2 to n-Csg
range and cause an overall |owering of the odd/even alkane
predom nance.

A summary of the key GC-derived paraneters to Bay 9
sediment is presented in Table 3-9. Al Bay 9 sedinments from

both post-spill sanplings contain oil as evidenced by
| ow parameter ratios. Station 1 seerms |east inpacted
initially, although oil is clearly present, as the ratios

are somewhat higher than those fromthe other stations.
Virtually no qualitative change takes place between one day
and two weeks after the spill.

3.2.1.1c Conposition of Aromatic Hydrocarbons by GC2/Ms

The results fromtwo sanples of Bay 9 sedinment fromthe
two tine intervals (Figure 3.47) illustrate another fact of
oil spill chemstry. Low |levels of naphthalene, phenant hrene
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TABLE 3-9

SEDI MENT HYDROCARBON SOURCE SUMVARY:
GC4 RESULTS TISSUEPLOTS

SAMPLE PRIS/PHY CPI STATUS
BAY 9
First Post- Spil
Station 1 3.6 3.5 Oil
5 1.9 2.2 Oil
6 2.5 2.7 Oil
10 2.0 2.6 Oil
Second Post - Spi | |
Station 1 1.2 1.9 Oil
5 1.3 2.3 Oil
6 1.2 1.9 Oil
10 2.1 2.3 Oil
BAY 10
First Post - Spil
Station 1 3.5 4.1 Oil
3 4.6 7.9 No 0il
5 1.9 3.6 Oil
6 2.6 5.0 Oil
10 3.5 2.8 Oil
Second Post - Spi | |
Station 6 3.0 3.0 o)
10 2.4 3.1 a1
BAY 7
First Post-Spill
Station 1 21 8.6 No 0il
3 8 6.2 No O |
5 18 11.0 No G|
Second Post - Spi | | _
Station 1 7.3 8.9 No O |
4 5.4 5.4 No O |
5 9.3 8.7 No O |
10 3.0 3.0 al
BAY 11
Second Post - Spi | |
Station 1 1.8 2.3 Oil
5 2.0 3.4 oil
6 3.6/3.6" 5.2/3.3° 0il (Low)
10 6.6/6.43 3.1/3.04 Oil (Low)
aL 0.75 1.0
Basel i ne >10 >5

apuplicate analyses
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and dibenzothiophene conpounds remain nearly constant over
two weeks, but the nore soluble aromatics (Cy, C2 naphtha-
lenes, phenanthrene) are lost from the sanples.

3212 Tissue Plots (Floe) - Bay 9

3.2.1.2a0il Concentrations by UWF

Sanpl es of floe, unconsolidated fine particul ate and
detritus at the sedinment/water interface, were collected from
the tissue plots of Bay 9 on August 16 (prespill), August 28
(+1 day fromthe dispersed oil spill) and Septenber 10, 1981
(+14 days fromthe dispersed oil spill). Concentrations of
petroleum are reported in mlligranms per sedinent surface area
(mg/m2). The four prespill sanples which were anal yzed
contain negligible concentrations (<.05 mg/m2) of petroleum
(Figure 3.42). Levels of petroleumin floe collected during
the first post spill sanpling (Figure 3.43) were elevated and
ranged from?2 to 33 mg/m2 (7m 9.70 [2.8, 29], 3m 4.3 [2.0,
8. 3] mg/m2. By the second post spill sampling (Figure 3.44),
the |l evels had dropped al nost to background concentrations
(7m 0.10 [.01, .21], 3m 0.10 [.04, . 18] mg/m2). Statis-
tically, the first post spill sanpling differs fromthe
prespill and second post spill sanpling which do not differ
fromeach other (Table 3.10).

Typical UV/F spectra fromBay 9 floe sanples (Figure
3.48), illustrate the appearance of a peak at 355 nmin
the first post spill sanpling. This peak results fromthe
i ncorporation into the floe of three- and four-ringed
aromati c hydrocarbons present in the oil. The two-ring peak
at 310 nmis obscured by a signal in the procedural blanks
and in naturally occuring fluorescent conpounds. The
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TABLE 3-10

CONCENTRATI ONS OF PETROLEUM EQUI VALENTS BY
uv/F TN SEDI VENT AND FLOC O BAY 9

FLOC SEDI MENT FLOC
SAVPLI NG STATI ON (mg/m? ) ( wa/g) SEDIMENT!
Prespill 1 .03 .14 <1%
2 .06
3 .04
4 . 36
5 .37
6 .05 31 <1%
7 .32
8 .02
9 .54
10 21
1st post | 12 2.0 30%
spil 2 33 1.4 120%
3 9.5 2.6 14%
4 2.3 2.5 5%
5 8.3 2.0 21%
6 3.6 2.0 9%
7 6.5 2.8 12%
8 7.8 2.5 16%
9 3.9 4.8 4%
10 1.7 4.0 2%
Average 23%
2nd post 1 .07 9.5 <1%
spill 2 .07 6.6 <1%
3 .04 5.4 <1%
4 .25 16 <1%
5 .10 10.5 <1%
6 .10 10.5 <1%
7 17 3.6 <1%
8 .08 4.7 <1%
9 2.5
10 .07 8.5 <1%

Average <1%

Ithe floe/sedinent ratio assumes a conversion equation
of _floe_(mg/mz) 0.05 = sediment (ug/g). See text for the
derivation of the factor.
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persistence of the 355 nm peak in the second post spil
spectra suggests that |ow | evels of petroleumnay be still
present in the floe although absolute |levels are not statis-
tically different from pre-spill val ues.

By making a few assunptions, the concentrations of oil
in floe can be conpared to concentrations of bul k sedi nent.
Assuming a bul k sedinent density of 2 g/cm3, a water con-
tent of 50% and a sanpling depth of 2 cm one mcrogram of
oil/gram dry wei ght of sediment is equivalent to 20 mg/m2
(Table 3-11). Using this conversion factor, the floe
conprises a negligible portion (<I% of the oil in the
bottom sedi ment during the pre-spill and second post-spil
sanpling and a significant fraction (~20%) during the first
post-spill sampling (Table 3-10).

3.2.1.2b Ol Compositionbv GC?

A total of 6 floe samples from Bay 9 stations were
fractionated and analyzed by GC. Al 6 floe sanples

anal yzed from the one-day post spill sanplings contained
noderately to heavily weathered (SHWR = 1.2-1.6) butunbio-
degraded (ALK/ISO = 2.5) oil, while only very low |levels of

oil were detectable by GC'in the two-week sanples as iden-
tified by the low |l evels of n-alkanes in the GC'traces of
the samples. Two representative GC(f;, f2 pairs) are
shown in Figures 3.49 and 3.50. The GCtraces of the
saturated hydrocarbon fractions indicate that sedi nmented
petrol eum undiluted by significant anmounts of sedinent,

as woul d be evidenced by odd chain terrigenous n-alkanes
(C25-C31), are captured in the floe sanplings. This indi-
cates that only a thin slice of deposited surface sedi nent
is being sanpled (several mllineters).
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TABLE 3-11
DERI VATI ON OF THE CONVERSI ON OF SEDI MENT AND FLOC DATA

Knowns

Sedi ment concentrations are reported as 39/9 dry wei ght
Fl oe concentrations are reported as mg/m“ area

Assunpt i ons

The density of wet sediment is 2 g/cm3
The water content of the sedinent is 50%

The sedinent was sanpled to a depth of 2 cm

Cal cul ati ons

_ Volune _ W |
Area = pgpth = ~p  *Depth

and 1 g of dried sedinment has an area of 0.50 cm¢4

1 ug 1 mg 10%cm? = 2

X
.5 cni 10 *1 i

(o]
313

Thus 1 ug/g dry sedinent =
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3.2.1.2c Aromatic Hydrocarbon Conposition by Gc2/Ms

Gc2/ms anal yses were performed on three sanples of
floe fromBay 9. The resulting aromatic hydrocarbon data
indicate that the heavily inpacted floe (i.e., concentra-
tions greater than 10 mg/m2) contains lightly to noderately
weat hered aromatic residues. Floe aromatic conposition
(Figure 3.51) consists of alkylated naphthal ene, phenan-
threne and dibenzothiophene residues ( 500 ug/m? total) in
t he one-day post-spill sanpling. However, only negligible
anounts of alkylated phenanthrenes are detected at two
weeks, indicating, along with GC2 data, that oil-inpacted
floe is a transient entity in these systens.

3.2.1.3 Biology Stations (Sedinents) - Bay 9

3.2.1.3a 0i1 Concentrations by W/F

Sanpl es of surface sedinment fromthe biology stations
of Bay 9 were collected August 28 (+1 day) and September 10
(+14 days). Divers scraped the top two centineters of
sedinment fromstations |located at 10 mincrements along the
two depth strata. The sanpling points were designated by
the distance fromthe northerly end of each transect which
was 150 mlong. Both the collection and analysis of the
bi ol ogy station sanples were identical to those for the
tissue plot sediment sanples. Only the sanples collected
during the second post-spill sanpling were anal yzed.

The geonetric mean concentrations of petrol eum neas-
ured at stations |ocated on the 3 nmeter and 7 nmeter depth
strata in Bay 9 were 2.7 (1.6, 4.2) and 3.8 (2.6, 5.5) wug/g,
respectively (Figure 3-44). The nmean concentrations are
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statistically di fferent from each other and significantly

| ower than the concentrations found at the tissue plots.
However, data from both the tissue plots and the biol ogy
stations indicate that post-spill levels of petroleumwere at
| east a factor of 10 greater than pre-spill |evels, and that
the concentrations of oil in Bay 9 sedinments were at |east 2
to 3 times higher than values found in Bay 10.

3.2.1.3.b 0il Composition by.gGc2

Twotypes of samplegroupings from Bay 9 biol ogi cal
stations were anal yzed by GC2. Sedi ment from several
individual sanpling points along the 150m-long depth stratum
were anal yzed separately. In addition, sanple extracts from
each station (a station being conprised of five sanpling
points) were pooled to yield 1 GCresult (3 per depth
stratun). The relevant GC'paraneters are sunmarized in
Table 3.12. Only the second post-spill sanple set was
subj ected to GC anal ysi s.

As shown previously (Section 3.2.1.1.b), the PRIS/PHY
ratio and CPl index (both GC data parameterizations)are

good indicators in these clean sedinents of oil inputs.
Where PRIS/PHY is |less than 35and/or where CPl is |ess
than 350il is clearly present. The phytane concentration

is presented here as it has been shown that there is a
correlation between phytane and total 0il concentrations
(see section 3.2.6). Phytane concentrations greater than
0. 005 ug/g, indicate the presence of petroleum as well.

The Bay 9 results clearly indicate that oil is present
in the Bay 9 (second post spill) sedinents. Note how the
phytane results correlate well with the UV-determined
concentrations (see section 3.2.6 and Figure 3.44). The
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TABLE 3-12

SEDI MENT HYDROCARBON SOQURCE SUMVARY:
GC2 RESULTS - Bl OLOGY STATI ONS
(2nd POST-SPILL SAMPLI NG

SAMVPLE

( BAY/ DEPTH PHYTANE
(m) LOCATIONA ( ppm) PRIS/PHY  CPI STATUS
9/ 3 2 Om 0.027 1.4 2.0 Oil
9/3 140m 0.029 2.8 2.2 Oil
9/7 20m 0.020 2.2 2.3 Oil
9/7 150m 0.072 1.6 2.2 Oil
9/3 (0-50m) 0.010 2.0 2.6 Oil (low)
9/3 (60-100m)  0.040 1.5 1.6 Oil
9/3 (110-150m) 0.050 2%2 2.8 Oil
9/7 (0-50m) 0.040 1.3 1.8 Oil
9/7 (60-100m)  0.030 1.5 2.0 Oil
9/7 (110-150m) 0.070 1.9 2.2 Oil
10/3 (0-50m) 0.008 2.6 3.4 Oil
10/3 (60-100m)  0.002 4.2 3.7 ?
10/3 (110-150m) 0.005 5.4 4.1 ?
10/7 (0-50m) 0.005 2.0 4.3 Oil
10/7 (60-100m)  0.002 2.0 4.5 Oil
10/7 (110-150m) 0.007 2.0 4.3 Oil
7/3 (0-50m) 0.002 12 5.0 No 0il
7/3 (60-100m)  0.001 30 4.5 No 0il
7/3 (110-150m) 0.002 26 5.8 No 0il
717 (0-50m) 0.001 7.0 9.0 No 0il
717 (60-100m)  0.001 5.0 6.5 No 0il
717 (110-150m) 0.002 6.0 6.8 No 0il
11/3 (0-50m) 0.008 3.0 3.1 No 0il
11/3 (60-100m)  0.002 3.5 3.0 No 0il
11/3 (110-150m) 0.008 4.1 4.9 No 0i1l
11/ 7 (0-50m) 0.016 1.4 2.6 al
11/ 7 (60-100m)  0.012 1.3 2.4 Oil
11/7 (110-150m) 0.019 1.6 2.4 Oil

aSee Figure 2.6.
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| ow PRIS/PHY and CPl ratios are strong indications of the
presence of oil in these sanples as well. The phytane
values (i.e., oil) in the Bay 9 biology station conposites
agree well with the individual station values (Table 3-12).
For example, the 9/3 (110-150m) sanple (0.05 ppm agrees
well with an individual sanmpling point within this station
(9/3 - 150m; 0. 07 ppm).

The oiled sedinment sanples are all of relatively |ow
concentrations, as the background biogenic assenbl age,
t hough now of secondary inportance, is still obvious on the
GC2 traces (see Figure 3.45). The oil in the sedimentsis
substantially weathered physico-chemically(i.e., loss of
nore soluble/ volatile, |ownolecular weight, saturated and
aromati ¢ conponents), but shows no evidence of mcrobia
degradati on.

3214 Mcrobiology Plots (Sedinents) - Bay 9

3.2.1.4.a G| Concentrations by uv/F

Bott om sedi ment sanples were collected fromtw mcro-
bi ol ogy stations in all four bays at approxinately weekly
intervals from August 9 to Septenber 18, 1981. These sta-
tions were |located at the ten neter depth contour directly
of fshore fromthe north and south ends of the biologica
transects. Sanples were collected fromthe Bay 9 sations,
H5 and H6, on August 8 and 18 before any spills, on August 23
four days after the surface oil spill, before the dispersed-
oil spill, and on August 30 and Septenber 5, 13 and 18 after
the dispersed oil spill. The sanples were collected by
di vers using the same techniques as used for collecting
sediments fromthe tissue plots and biol ogy transects.
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TABLE 3-13

CONCENTRATI ONS OF PETROLEUM EQUI VALENTS BY W/ F IN
SEDI MENTS FROM THE M CROBI OLOGY STATIONS IN BAy 9 (ug/9)

SAMPLI NG DATE

STATION AUG 8 AUG 14 AUG 23 AUG 30 SEP 5 SEP 12 SEP 18

H5 0.36 0.37 0. 46 4.4 2.8 5.4 2.4
Ho 0.51 0.28 0031 3.6 6.2 10.6 3.4
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The concentrations of hydrocarbons (petrol eum equival -
ents) as neasured by UvV/F ranged fromO0.3 to 0.5 ug/g dry
wei ght prior to the dispersed oil spill and increased by
roughly an order of magnitude (.2 - 11 ug/qg) follow ng the
di spersed oil spill (Table 3-13; Figures 3-42 through 3-44).
There are no obvious tenmporal trends at the two stations nor
is there a significant difference between the concentrations
of oil found at the two stations following the spill. In
summary, oil concentrations in Bay 9 were uniformy elevated
by an order of magnitude follow ng the dispersed oil spill.

3.2.1.4b G| Conposition by GC

A set of sanples fromthe Bay 9 mcrobiol ogy stations
(Hg, H6) from August 18 (pre-spills), August 30, and Sep-
tenmber 5, 12, and 18 were analyzed by GC. The results are
typical of surface sedinments. Pre-spill conpositions
reflect a conbination of marine and terrigenous biogenic
inputs (See Figure 3-45). Analyses fromboth stations from
August 30 and Septenmber 5 reveal low levels of oil, as
evidenced by a smooth n-al kane distribution from n-Cj4 to n-C24.
The CPl and pristane/ phytane paranmeters clearly reveal the
presence of oil in these low | evel pristane sedinents (Table
3-14), as does the absolute |evel of phytane. The CPl is
normally in the 5 to 10 range indicating a nmarked odd chain
predom nance and since pristane, the biogenic isoprenoid, is
far nore abundant than phytane (of petrogenic origin), the
background pristane/ phytane ratio is high, varying seasonally
from5 to 100. As even small additions of oil introduce
phyt ane and even-chai n n-alkanes (C20 to C32),the | owering
of the CPI to less than or equal to 3.5 and/or the |owering
or pristane/phytane to less than or equal to 3.5 signifies
the presence of oil. The "no oil” to “oil” transition as
reveal ed by these GC paraneters is shown in Table 3-14.

”
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TABLE 3-14

SEDI MENT HYDROCARBON SOURCES BY
GC2 (M CROBI OLOGY SEDI MENTS)

PHYTANE
SAMPLE ( n9/9) PRIS/PHY CPI STATUS
Bay 9
H5 8-30-81 12 1.1 1.7 Ol
9-5-81 .096 1.8 2.6 Ol
9-18-81 .005 1.0 2.9 Ol
H6 8-18-81 nd 40 7.6 No oil
8-30-81 11 0.9 2.1 Ol
9-5-81 .091 1.7 3.2 al
9-12-81 .069/.036 1.6/1.1 .6/2. Ol
9-18-81 .031 1.5 4.0 Gl
Bay 10
H4 8-14-81 nd 28 7.9 No oil
8-30-81 11 1.4 3.5 o)
9-5-81 . 068 1.6 3.2 o
9-12-81 . 009 2.9 4.8 Low oi |
9-18-81 .016 2.4 5.0 Ol
Bay 11
H2 8-14-81 nd ~100 7.5 No oil
8-30-81 .012 1.3 3.4 Gl
9-12-81 . 028 1.9 6.2 Low oi |
9-18-81 . 023 1.2 3.3 Ol
Bay 7
H7 8-16-81 nd >20 9.9 No oil
8-31-81 .003 10 9.7 No oil
9-13-81 .016 5.7 6.9 Low oil
9-18-81 .007 22 9.3 No oil
Gl 0.75 1.0
Basel i ne Sedi nent . 001-.003 5-100 5-10
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Figure 3.52. GC2/MS Rres Its from Sediment Microbiology Plots.
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3.2.1.4c Aromatic Hydrocarbon Composition by GC2/MS

A set of BAY 9 sedinent sanples from both m crobiol ogy
stations, H5 and H6, from August 20 and Septenber 12 were
anal yzed by 6c2/mMs. The results are presented in Figure 3.52.
According to these results individual aromatic hydrocarbon
| evel s were generally in the 10-100 ppb range initially and
dropped to the 2-50 ppb range two weeks |ater. However
a very simlar conposition including the full series of
napththalene, phenant hrene and di benzot hi ophene conpounds
was observed at both times. Those results are somewhat in
contrast to those fromthe Bay 9 tissue plots (Figure 3.47)
in which the aronmatics were found at substantially |ower
quantities (2-5 ppb) and in which the sedinmented oil appeared

to weather over the two week post-spill period (i.e., loss
of naphthalenes). Apparently a greater amount of “fresher”
oil still persists in the benthic system perhaps residing

seaward of the 7 meter depth stratum (i.e., 10 neter micro-
pl ots and seaward).

3.2.2 Bay 10

3221 Tissue Plots (Sedinents) - Bay 10

3.2.2.1a Ol Concentrations by UV F

Sedi nent sanples were obtained fromthe tissue plot
stations of Bay 10 on August 14 (prespill), August 29
(+2 days fromthe dispersal oil spill) and Septenber 11
(+15 days fromthe spill). Concentrations of oil in sedi-
‘ments rose from negligible pre-spill values (Figure 3.53)
(7m 0.49 (.16, .921, 3m: 0.45 [.32, .59] ug/g9)to approxi mtely
1.0 ug/g for both of the post-spill sanplings (Figures 3-54,
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3-55). In contrast to those of Bay 9, concentrations of
petroleumin the sedinments of Bay 10 were quite variable
ranging from 0.5 to 3 ng/g. This observed heterogeneity
suggests that the contam nation of sedinments in Bay 10 was
quite patchy. Only the second post-spill sanpling of the

7m depth stratum and the first post-spill sanpling of the 3m
depth stratum differed statistically from the prespill
sanpling (see Appendix A). The 3mand 7m depth strata were

i ndi stingui shable from each other during all sanplings.

3.2.2.1b G| Conposition by 6 2

CCresults fromBay 10 can be eval uated as pre-
viously nentioned for Bay 9 sedinents. The results in
Table 3-9 indicate the lesser relative inpact of oil to
Bay 10 sediments by virtue of a lesser |owering of the key
ratios. Though oil is clearly observed in the GC'traces
in all but one of the sanples, the diagnostic ratios at
Station 1 are borderline on their own. QI is absent at
Station 3 and clearly present by visual GC and all diag-
nostic ratios at Stations 5, 6, and 10.

3.2.2.1c Aronmatic Hvdrocarbon Conposition by CC 2/ M

Three sanples from Bay 10 sedinent tissue plots were
exanm ned by GC/Ms. Low levels of aromatic hydrocarbons

were observed immediately following the spill and simlar
quantities two weeks later (Figure 3.56). This corresponds
with the Uv/FP trends which indicated simlar oil levels

during both samplings in this bay. The typical weathered oi
aronmatic profile is seen in the results (Figure 3.56).
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Figure 3.56. Bay 10 Sediment Tissue Plot Aromatic Hydrocarbons by GC2/ms.
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3.2.2.2 Tissue Plots (Floe) - Bay 10

3.2.2.2a Q| Concentrations by UV/F

Fl oe sanples were collected fromthe tissue plots of Bay
10 on August 14 (pre-spill), August 29 (+2 days from the
di spersed oil spill) and Septenber 11, 1981 (+15 days from
the dispersed oil spill). Sanples from Stations 6 to 10
were not collected during the first post-spill sanpling due
to an equi pnent failure. The concentrations of hydrocarbons
(petrol eum equi val ents) were low (<.15 mg/m2) in both the
pre-spill and second post-spill sanplings and significantly
elevated (7 m 4.0 [2.0, 7.2] during the first post-spill
sanpling (Table 3-15, Figures 3-53 through 3-55). Using the
conversion factor derived previously (Section 3.2.1.2.a), the

floe contains approxi mtely 20 percent of the oil in the bulk
sediment during the first post-spill sampling and |ess than
1 percent during the second post-spill sanpling.

In all respects, the input of petroleumto the surface
floe fromBay 10 is similar to that fromBay 9. The absolute
concentrations in Bay 10 floe are not statistically different
fromthose in Bay 9 for the post spill sanplings. The UV/F

spectra are quite simlar to those illustrated for Bay 9.
As with Bay 9, the dispersed oil which entered Bay 10
imedi ately follow ng the dispersed oil spill, sedinented

into the floe layer and was conpletely incorporated into the
bul k sedi nent and/or transported out of the bay within
2 weeks of the spill.

3.2.2.2b Q| Conposition by 6C2 (fl oe)

O the three sanples of Bay 10 floe that were anal yzed
by GC, all were fromthe 1 day post-spill sanpling. Low
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TABLE 3-15

CONCENTRATI ONS OF PETROLEUM EQUI VALENTS BY
OVI'F TN SEDIVENT AND FLCOC OF BAY 10

FLOC SEDI MENT FLOC
BAY SAVPLI NG STATION  (mg/m2 ) (kg/9) SEDIMENT!
Prespill 1 0.18 0.38
2 0.40
3 0. 20
4 0.44
5 0.18
6 0.11 0.64
7 0. 38
8 0.09
9 0.23
10 0.77
1st post 1 1.7 0. 56 15%
spil 2 5.6 0.42 67%
3 3.4 1.2 14%
4 6.5 1.3 25%
5 4.4 1.1 20%
? 4.0 1.7 12%
8
9
10
Average 26%
2nd post 1 0.05 1.5 ‘1%
spill 2 0.08 2.8 ‘1%
3 0.08 1.6 ‘1%
4 0.07 0.6 ‘1%
5 0.06 3.0 ‘1%
6 0.05 2.8 ~1%
7 0.06 0.50 ~1%
8 0.03 0.42 ‘1%
9 0.08 0.55 12
10 0.03 0.26 12

Average ‘1%

lrhe” TT 0e/ sedi ment rati o assumes a conversion equation
of floe (mg/m2) x 0.05 = sedinment (ug/g). See text for the
derivation of the factor.

-159-



| evel s of heavily weathered (SHWR = 1.1-1.4) saturated

hydr ocarbon residues were detected in all sanples. 6?2
traces of aromatic fractions indicated only very smal
quantities of three-ringed aromatics (estimted to be

10- 30 ng/m? of total three-ringed aromatics) in the sanples.
No evi dence of biodegradation of any sedimented residues is
observed. No Gc2/mMs anal yses wereperforned on Bay 10 floe

sanpl es.

3.2.2.3 Biology Stations - Bay 10

3.2.2.3a G| Concentrations by UV/F

Sedi ment sanples fromthe biology stations of Bay 10
were collected on August 29 (+2 days) and Septenber 11 (+15
days) following the dispersed oil spill. Only sanples from
the second post-spill sanpling were analyzed. Levels of
petrol eum at stations along the 7-m stratum (1.6 [1.1, 221
ug/g) are significantly higher than levels at stations along
the 3-mtransect (0.99 [.48, 1.71 ng/g) (Figure 3-55). A
simlar difference between the two sanpling depths was not
noted at the tissue plots. The concentrations of petroleum
at biology stations and tissue plot stations were statis-
tically different at the 7 mdepth stratum but not at the
3 mdepth stratum

3.2.2.3.b Ol Conposition by GC

The GC paraneters (Table 3-12) for Bay 10 sedi nents
indicate that oil is present in the 7-neter stratum (all
stations), but its presence cannot be unequivocally denon-
strated by GC'in all of the points along the inshore (3m
stratum  Note how the PRIS/PHY ratio remains a good indicator
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(> 2.0) inthe 7-nmeter sanples, but begins to fail in the
3-nmeter sanples (PRIS/PHY = 4.2, 5.4). \hile suggesting the
presence of oil in the 3-nmeter sanples, the biogenic influence
is great. The biogenic influence affects the CPl in all Bay 10
sanpl es where now no values |ess than 3.4 (the borderline

oil indication) are seen. This again denonstrates that

where levels of oil are low the CPI is |ess useful than the
PRIS/PHY ratio. Absolute phytane values are only slightly
above background |evels.

Thus, low increnental additions of oil are best seen by a
cunmul ative property measurenent such as UV/F. The response of
UV/F is to a conbined oil property rather than to individua
conponents as is the case with GC2 and Gc2/Ms. As individua
conmponents are 1-2 percent each of the total oil by weight, it
is not surprising that UV/F can detect oil while GC2, GC2/Ms
results nay be anbi guous (at very |low | evels).

3224 Mcrobiology Plots (Sedinments) - Bay 10

3.2.2.4.a Ol Concentrations by uv/F

Sedi ment sanples were collected fromthe two micro-
bi ol ogy stations, H3 and H4, in Bay 10 on August 9 and 14
prior to the oil spills, on August 23 follow ng the surface
oil spill and on August 30 and Septenber 5, 12, and 18

following the dispersed oil spill. Concentrations of hydro-
carbons (petrol eum equivalents) were low (0.2 to 0.8 ug/g)
prior to the dispersed oil spill and increased by a factor of
five subsequent to the dispersed oil spill (Table 3-16;
Figures 3-53 through 3.55). \hereas concentrations of oil in

Bay 9 sedinments renained uniformy high following the spill,
those in Bay 10 showed a wide variability. Several val ues
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TABLE 3-16

CONCENTRATI ONS OF PETROLEUM EQUI VALENTS BY UV/ F I N
SEDI VENTS FROM THE M CROBI OLOGY STATIONS [N BAy 10 (ng/g)

SAMPLI NG DATE

STATION AUG 8 AUG 14 AUG 23 AUG 30 SEP 5 SEP 12 SEP 18

H3 0.75 0.48 0.19 2.0 0.77 0.82 2.7
H4 0.54 0.78 0.14 5.5 1.3 0.53 1.10
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at both stations fall within the range of concentrations
found before the spill. The sedinents at the nicrobiol ogy
stations in Bay 10 exhibit transient events of contam nation
whi ch probably result from heterogeneity of the sanple

popul ati on which was al so observed in the sedinents sanpled
at the tissue plot and biology transect stations.

3.2.2.4b O conposition by g 2

The sanme considerations and criteria that applied to
Bay 9 sedinents apply to Bay 10 as well. The data from
Table 3-14 clearly illustrates the input of oil to Bay 10
m crobi ol ogy sedinments with sone small qualitative change

in the post-spill period seen, as evidenced by the increasing
PRIS/PHY and CPI val ues corresponding to a decrease in
absol ute phytane levels (i.e., decreasing levels of oil).

3.2.3 Ba 7

3.2.3.1 Tissues Plots (Sedinents) - Bay 7

3.2.3.1a G| Concentrations by UV/F

Surface sedinment was sanpled fromthe tissue plot
stations of Bay 7 on August 17 (prespill), August 31 (+4 days

fromthe dispersed oil spill, +16 days fromthe surface oi
spill) and Septenber 10 (+14 days from the dispersed oil
spill, +26 days fromthe surface oil spill). The nean concen-

trations of “oil equivalents” in the surface sedinents were
low (less than 0.6 ug/g) for all three sanplings (Figures
3.57-3.59). Al though the mean concentration of petroleum for
t he second postspill sanpling was |ow, isolated stations
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showed el evated (greater than 1 ung/g) |levels of petrol eum
These stations nay be slightly contam nated with petrol eum
from the dispersed oil spill.

3.2.3.1b G| Conposition by GC

Gl was detected in very low levels in one of the
seven sedi ment sanples analyzed (Plot 4; 7 nmeters; 2nd post
spill). O the other sanples, high pristane/phytane and CPI
val ues (see Table 3-9) persist and a snmooth distribution of
n-alkanes in the Cy4-Cp4 region are lacking. These findings
indicate that |ow levels of oil were present in the Bay 7
sedi ments, albeit in patchy occurrences. For the nost
part the GC'data indicate that Bay 7 sedinent oiling is a
m nor factor in the post-spill benthic inpact.

3.2.3.1c Aromatic Hydrocarbon Conposition by Gc2/Ms

O two sanples analyzed (Figure 3-60, upper) only the
Co and c; phenanthrenes were detected at the 2 ppb |evel.
These conpounds are present in pre-spill sanples and sanples
fromthe 1980 (baseline study) (see Figure 3-60 |lower). The
detection of these conpounds and the presence of four-ringed
aromatics (i.e., PAH) is indicative of a pyrogenic origin from
the global transport of fossil fuel conbustion residues.

3232 Tissues Plots (Floe) - Bay 7

3.2.3.2.a Ol Concentrations by uv/F

Fl oe was sanpled from Bay 7 on August 31 (+4 days from
the dispersed oil spill, +16 days fromthe surface oi
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Figure 3,60, -Bay 7 sediments (aromatic hydrocarbons) (GC2/MS).
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spill) and September 10, 1981 (+14 days from the dispersed
oi |l spill, +26 days fromthe surface oil spill). No floe
sanpl es were collected prior to the surface oil or dispersed
oil spills. The concentrations of petroleumin the floe
were |ow (<0.1 mg/m2) during both sanplings (Figures 3-58,
3-59; Table 3-17). Although the concentrations in floe
collected during the first post-spill sanpling are higher
than those for the second postspill sanpling, the magnitude
of the difference is very small (.04 mg/m2), and the difference
is not statistically significant. No contam nation of the
Floe in Bay 7 was detected by uv/F. The magnitude of any
contam nation would be nore than two orders of magnitude
snmal l er than that observed in Bay 9and Bay 10

3.2.3.2b Conposition of Ol by GC

O the 4floe sanples subjected to GC4 anal yses
(Stations 1, 5 first post-spill; 1,5 second post spill), a
very smal |l anount (~0.5 ng/m2) of saturated hydrocarbon
petrol eum resi due was found in one one-day sanple (Station 1).
However, the GC'trace showed minute anmpbunts of n-alkane

conponents.  Thus we conclude that if oil is actually present
in the Bay 7systemit exists only during the period between
the dispersed oil spill and 4 days later (i.e., the first

postfill sanpling) and only at questionably |[ow |evels.

3.2.3.2c Conposition of Aromatics by GC2/Ms

Two sanpl es were anal yzed by Gc2/Ms. The first postspill
sanpl e analyzed contained trace (1 ug/m2)levelsofCi,C2, and
C3 phenanthrenes, simlar to Bay 9, two-week |evels (see
Figure 3-51). Aromatics were non-detectable in the two-week
post-spill sanple.

-169-



TABLE 3-17

CONCENTRATI ONS O PETROLEUM E%I VALENTS BY

FLOC SEDI MENT FLOC
SAMPLING ~ STATI ON ( mg/n? ) (ng/q) SEDIMENT!
Prespill
no data
1st post 1 .09 71 <1%
spi | | 2 A1 .55 1%
3 .28 1.0 1%
4 .09 .52 1%
5 .02 .61 <1%
6 .04 .32 1%
7 .07 31 1%
8 .06 .40 1%
9 .10 .37 1%
10 .06 31 1%
Aver age 1%
2nd post l .05 .93 <1%
spill 2 .02 1.3 <1%
3 .02 1.3 <1%
4 .02 1.6 <1%
5 <.01 .56 <1%
6 .01 .23 <1%
7 .03 .19 1%
8 .02 .36 <1%
9 .02 .50 <1%
10 .03 .18 1%

Aver age 1%

lrhe floe/Sedinment ratio assumes a conversion equation

of floe (mg/m2) x 0.05=sediment (ug/g). See text for
the derivation of the factor.
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3233 Biology Stations - Bay 7

3.2.3.3a Ol Concentrations by uv/rF

On August 31 (+4 days fromthe dispersed oil spill)
and Septenber 10 (+14 days ), sedinments were collected from
stations along the biology stations in Bay 7. Only sanples
fromthe second post-spill sanpling were analyzed (Figure
3-59). Petrol eum concentrations as neasured by UV/F were
| ow at both the 3 m(0.80 [.45, 1.2] and the 7 m (1.2 [.77
1.6] depth strata. No differences between concentrations
measured at the two benthic transects nor between concentrations
at biology station and tissue plots were apparent. As noted
in the tissue plot data, sporadically elevated concentrations
(greater than 1.0 ug/g) of petroleum were found during the
second post-spill sanpling of the benthic transects. This
may suggest slight contam nation of the sedinents with oi
from the dispersed oil spill.

3.2.3.3.b G| Conposition by GC

CCresults indicate that oil is absent or present at
very low levels in Bay 7 sedinents. Both PRIS/PHY and CPI
values (Table 3-12) are clearly biogenic and absolute |evels
of phytane are at background levels. GCtraces all
resenble that in Figure 3.45 (bottom, which shows a purely
biogenic conposition.

That there is sonme anbiguity in the analytical results
vis-a=-vis oil/no oil determnations in this bay is evidenced
by the occasionally elevated Uv/F values in these biology
stations (Figure 3.59) in the 1-3 ppmrange with the corres-
ponding GC'data indicating “no oil” present. The nean
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U/ F value for the O 50m station and that for the other
groupings is less than 1.3 ppm Below this UV F determ ned
val ue, GC'may not be able to discrimnate nminute quanti-
ties of oil from background. | ndeed, this appears to be the
case in Bay 10 (60-100m; 110-150m; 3-nmeter depth) as well.
Thus, our conclusion nust be that mnute quantities of oil
are present in Bay 7 sedinents which are only reveal ed by
W/ F results.

3.2.3.4 Microbiology Plots (Sedinments) - Bay 7

3.2.3.4.a01i1 Concentrations by UV/F

Sanpl es of the bottom sedinent were collected at
stations H7 and H3, the two mcrobiology stations in Bay 7,

on August 16 before the surface oil spill, on August 23
after the surface oil spill and on August 30 and Septenber
5 13 and 18 follow ng the dispersed oil spill. No contam n-

ation of the sedinents in Bay 7 is evident fromthe concen-
trati ons of petrol eum equival ents nmeasured by Uv/F. all
concentrations are uniformy low and range fromO0.2 to 0.6
ug/g (Table 3-18). This observation is consistent with
concentrations of oil neasured in water and in other sedi-
ments collected fromBay 7. Any traces of oil which reached
the sediment would be diluted by the uncontam nated materi al
collected fromthe top two centinmeters of sedinent and woul d
be very difficult to detect by this method. However, as we
have al ready shown, oil contam nation of the surface floe
was negligible in this bay.

3.2.3.4b G| Conposition by GC

Four sedinents fromthe m crobiology stations at Bay 7
were analyzed by GC. Three of the sanmples were free
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TABLE 3-18

CONCENTRATIONS OF PETROLEUM EQU | VALENTS BY uv/F I N
SEDI MENTS FROM THE M CROBI OLOGY STATTONS TN BAY 7 (ug/qg)

SAMVPLI NG DATE

STATION AUG 8 AUG 14 AUG 23 AUG 30 SEP 5 SEP 12 SEP 18

H1 0.53 0. 37 0.15 0.40 0.23 0.34
H2 0.16 , 0.43 0.33 0.44 0.42 0.23
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of detectable oil as shown by the results in Table 3-14.

One sanple taken from H7 on Sept. 13 showed a small anmount

of oil reflected in the GC'data by increased phytane

| evel s and sonewhat decreased PRIS/PHY and CPI values. Note
however that the UV F value of 0.23 ppmis of a background
magni t ude.

3.2.4 Bay 11

3.24.1 Tissue Plots - Bay 11

3.2.4.1a G| Concentrations by UVF

Sediments fromthe tissue plot stations of Bay 11 were
sanpl ed on August 12 (pre-spill), August 21 (+2 days from

the surface oil spill, 6 days before the dispersed oi
spill) and Septenber 8 (+20 days fromthe surface oil spill,
+12 days fromthe dispersed oil spill). Concentrations of

oil were unifornly low (less than ,0.7 ng/g) for both the
prespill and first post-spill sanpling (Figures 3-61 through
3-63). The slightly elevated (not statistically significant)
concentrations neasured during the second post-spill

sanpl i ng suggest that the sedinments may be slighly contam
inated with petroleum As with Bay 7, isolated stations
have | evels greater than 1 ug/g which probably suggest

het er ogeneous contam nation of Bay 11 sedinents.

3.2.4.1b Q. Conposition by GC

No oil was detected in any first post-spill sanpling.
However, in all of the second post-spill sanpling, oil is
present (Table 3-9), as revealed by the diagnostic ratios
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and the uniformty of the smooth n-Cjs to n-Coyg distribution.
Gl found in Bay 11 sedinents is nearly identical inits
weat hering state to that found in Bays 9 and 10.

3.2.4.1¢c Aromatic Hydrocarbon Composition by GC2/MS

O the one post-spill tissue plot sanple anal yzed
(Figure 3-47), small amounts of alkylated phenanthrene and
di benzot hi ophene conmpounds were detected (1-2 ppb per
i ndi vi dual conpound) thus indicating the presence of a
weat hered petrol eum aromatic assenbl age.

3.2.4.2 Tissue Plots (Floe) - Bay 1l

3.2.4.2a Q| Concentrations by W/ F

Sampl es of floe were collected fromthe tissue plots of
Bay 11 on August 12 (pre-spill), August 21 (+2 days fromthe

surface oil spill, 6 days before the dispersed oil spill) and
Septenber 8, 1981 (+20 days fromthe surface oil, +12 days
fromthe dispersed oil spill). Floe fromStations 6 to 10 on

the 3-nmeter transect could not be collected during the August
21 sanpling due to a layer of surface oil within the boomed
area. Floe from Stations 1 to 5 was collected from outside of
t he boomed area during this sanpling.

The concentrati ons of hydrocarbons (petrol eum equiva-
lents) oil in the floe were low (less than 0.4 ng/nf) and
statistically simlar to the prespill values during the two
postspill sanplings (Table 3-19). Three of the sanples
collected fromBay 11 during the first post-spill sanpling
contai ned m nor anmounts of petrol eum which conprise
20 percent of the oil found in the bulk sediment. The
remai nder of the sanples contained negligible absolute
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TABLE 3-19

CONCENTRATI ONS OF PETROLEUM EQUI VALENTS BY
OV F TN"SEDIFVENT AND FLOC OF BAY 11

FLOC SEDI MENT
SAMVPLI NG STATI ON ( mg/m?) (ug/g) gIE_lC)XI:MENTl
Prespill 1 .19 .63
2 .22
3 <.01
4 .50
5 .99
6 . 05 12
7 .19
8 12
9 .20
10 42
1st post 1 0.40 .07 29%
spill 2 0.40 .10 20%
3 0.40 .54 4%
4 <.01 14 <1%
g <.01 14 <1%
7
8
9
10
Average 11%
2nd post 1 .07 1.4 <1%
spill 2 .03 0.52 <1%
3 .17 1.5 <1%
4 .09 0.54 <1%
5 24 1.7 <1%
6 .13 0. 38 2%
7 .04 0.72 <1%
8 .02 1.8 <1%
9 .09 . 28 2%
10 .08 . 69 1%

Average <1%

ithe floel/sedinment ratio assumes a conversion equation
of floe (mg/m?) x 005 =sedi ment  (ug/9). gee text for the
derivation of the factor.
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quantities which conprised |less than two percent of the oil
found in the bul k sedinents.

The floe in Bay 11 does not exhibit contam nation from
either the surface oil or dispersed oil spill. As with Bay 7,
the levels of petroleumin Bay 11 during all sanpling were two
orders of magnitude |ower than Bay 9 and Bay 10 during the
first post-spill sanpling. Due to the transient nature of
contam nated floe as evidenced by results from Bays 9 and 10,
the floe in Bay 11 could have been contam nated i medi ately
follow ng the dispersed oil spill and returned to an uncontam -
nated state before the second post-spill sanpling. |n contrast
to floe in the bays associated with the dispersed oil spill,
floe in Bay 11 was not contam nated imediately follow ng
the surface oil spill. This may have resulted from the |ower
levels of oil found in the water colum during the surface
oil spill conpared to the dispersed oil spill and the Iack
of vertical mxing of oil in the top nmeter of water to the
bottom (see Section 3.1).

3.2.4.2b Q| Conposition by 6c?2

No sanples of Bay 11 floe were analyzed by GC. One
sanpl e was directly enployed by Gc2/ms,

3.24.2c Aromatic Hydrocarbon Composition by GC2/MS

One sanple of the Septenber 8 surface floe (second
postspill) was anal yzed to search for aromatic residues
either being eroded fromthe Bay 11 beach or cross-
contam nated fromthe dispersed oil spill. Evidence for
neither was found since the cc2/mMs results yielded only
smal | traces of phenanthrene residues, not necessarily
related to any experinental oil spillages.
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3. 243 Bi ol ogy Stations (Sedinents) - Bay 11

3.2.4.3a Ol Concentrations by uv/F

Surface sedinent sanples were collected fromthe two
bi ol ogy strata on August 21 (+2 days fromthe surface oi

spill, 6 days before the dispersed oil spill) and Septenber
8 (+20 days fromthe surface oil spill, +12 days fromthe
dispersed oil spill). Sanples fromthe second postspill

sanpling were anal yzed for petrol eum hydrocarbons by W
fluorescence. The stations along the 7-m stratum contai ned
significantly higher concentrations of petroleum
(xg=3.5+2.0 ng/g) than did stations along the 3-m stratum
(§G=0.721.39 ug/q) . This trend was present, but not

as pronounced as in the tissue plot data. These data
indicate that the offshore sedinents, nore so than the

i nshore sedi ments of Bay 11 are becomng slightly and

het er ogeneously contam nated with petrol eum

3.24.3.b 0il Conposition by Gc2

The GCresults fromBay 11 biology stations indicate
that the presence of oil is questionable in the two-week
sanpling at 3 neters, but is unanbiguously present at
7 neters (Table 3-12). Again the pris/pHY and CPl val ues
are on the oil/no oil borderline and visual scrutiny of the
GC'reveal s sone n-alkane activity in the Cjg-Czg region.
The paraneter ratios (Table 3-12) plus the absol ute phytane

val ues shows that oil is nore concentrated in the 7-neter
stratum  This parallels the uv/F results (Figure 3.63),
whi ch indicate higher absolute oil levels at 7 nmeters. Ol

levels in the 3-meter sedinents are again in the ~1.0-1.4 ppm
range (the average of each station = five sanpling points),
which is at the low end of the GCdiscrimination range.
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3.244 M crobiology Plots (Sedinents) - Bay 11

3.244a 0i1 Concentrations by Uv/F

Bottom sedi ments were sanpled at the m crobiol ogy
stations in Bay 11 on August 9 and 14 prior to the surface

oil spill, on August 23 three days after the surface oi
spill and on August 30 and Septebner 5, 12 and 18 foll ow ng
the dispersed oil spill. Wwith the exception of four sanples

collected in late August and early Septenber, the concentra-
tions of petroleum equival ents nmeasured by UV F were at or
near background levels of 0.2 to 0.8 ng/g (Table 3-20). The
August 30, Septenber 12 and Septenber 18 sanples at Station
H1l and the Septenber 18 sanples at Station H2 showed el evated
| evel s of petroleum (less than 1 ug/g). These data show

that the bottom sedinments at the Bay 11 m crobiol ogy stations
remai ned relatively uncontam nated for two to three weeks
followng the surface oil spill after which the |evels of
petrol eum increased slightly.

Al though the UV spectra cannot be used to distinguish
oil derived fromthe surface spill fromoil derived fromthe
di spersed spill, the delay of the appearance of uniformy
contam nated sedinments until late on the sanpling season
suggests that the oil is not associated with the dispersed oi
spill. The opportunity for direct sedinentation of dispersed
oil fromthe water, i.e., elevated levels of oil in the water
column, exi sted for only a few days after the dispersed oi
spill. Both Bay 7 and Bay 11 showed roughly equal I|evels of
petroleumin the water colum followi ng the dispersed oil spill
and neither (wth the exception of Station H1 from August 30)
had el evated levels of oil in sediments for the two subsequent
sanplings. The oil observed in Bay 11 sedinments could have
been derived either from contam nated sedi ments transported

-182-



TABLE 3-20

CONCENTRATI ONS OF PETROLEUM EQUI VALENTS BY uv/F I N
SEDIVENTS FROM THE M CROBIOLOGY STATTONS TN BAY 1T (ug/g)

SAMPLI NG DATE
STATION AUG 8 AUG 14 AUG 23 AUG 30 SEP 5 sep 12 SEP 18

H1 0.43 0.38 0. 20 1.9 0.53 1.2 1.1
H2 0.24 0.70 0.52 0.40 0.44 0.76 2.0
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from Bays 9 and 10, or nore likely from oil-contam nated beach
sedinents transported offshore in Bay 11.

3.2.4.4b Q| Conposition by 62

No oil was detected in the August 14 pre-spill sanple
(CPI=7.5, pristane\phytane * 100) (Table 3-12). However,
the GCtraces from August 30 through Septenber 12 clearly
i ndicate the increasing presence of oil as noted by |ow
| evel s of n-alkanes and isoprenoids in the Cj4 to C24
boiling range affecting the pristane\phytane ratio (1.2-1.9).
Though there is not enough oil present in the Sept. 13
sample (Figure 3-64) to appreciably alter the strong
terrigenous n-alkane fingerprint in the n-C2-n-C31
region and the CPI (Table 3-14), during Septenber the CPI
decreases as additional oil is eroded fromthe shoreline.

Thus the visual GCtrace is needed to avoid a false-
negative decision on the presence/absence of oil.

3.2.4.4c Aromatic Hydrocarbon Composition hy GC/ NS

Evi dence for the deposition of weathered oil at the
south m crobiology plot (#2) in Bay 11 is reveal ed through
the aromatic hydrocarbon profile in Figure 3.65. A “sedimented
oil profile indicating persistence Of alkylated phenanthrene,
napththalene and debenzot hi ophenes again forns the nol ecul ar
marker profile in the sedinents. Levels of individual
phenant hrene conpounds in the 1-10 ppb range are typical in
t hose sediments, slighty higher than those observed in the
tissue plots (Figure 3.47 bottom). The much elevated
alkylated di benzot hi ophenes are unique to this sanple as
general Iy phenant hrene and di benzot hi ophene concentrations
are of simlar magnitude.
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3.2.5 Conparison of Concentrations of Petroleum
Measured by UV/Fluorescence and (As
Chr omat ogr aphy

Two anal ytical nethodol ogies, UV/Fluorescence (UV/F)
and fused silica gas chromatography/flane ionization detection
(Gc2), were primarily enployed to measure the concentra-
tions of petroleumin bottom sedinent sanples. A large
nunber of sanples were initially analyzed by uv/F to determ ne
the concentration of oil after which a subset of the sanples
was reextracted and analyzed by GC'to determine both the
concentration and conposition of the oil. The UV/ F technique
Is sensitive to fluorescent aromatic conpounds and is
insensitive to non-fluorescing conpounds such as saturated
hydr ocar bons. The GC'techni que neasures both saturated
and aromati c hydrocarbons with approximately equal sensitivity.

A conparison of the W/ F and GC neasurenents in
sedi nents was conplicated by the background signals from
natural |y occurring conpounds. Biogenic saturated hydro-
carbons such as n-Cy7, n-Cg, n-C37 and pristane which
were neasured by GC, were found not only in the spilled
oi | but also in uncontaminated marine sediments collected

prior to any oil spillage.

Biogenic unsaturated conpounds predomnated in the
aromatic fraction’s gas chromat ogram and obscured the
measurenment of aromatic hydrocarbon concentrations by GC2.
Consequent |y, phytane which is a conponent of petrol eum not
commonly found in unpolluted nmarine sedinents, was used as
an indicator of the oil concentrations neasured by GC.

A scatter plot of the concentration of oil measured by
UV/ F versus the concentration of phytane found in sedi nent
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sanpl es (Figure 3.66) shows the correspondence of UV/F and
GC’ neasur enent s. The equivalence line is a plot of the
concentration of phytane in the sedinents expected fromthe
uv/F concentration of oil. The slope of the line was
determ ned from the concentration of phytane found in the
original Lagonedio oil (6.4 milligrams/gram of oil). Wth
the exception of six of the mcrobiol ogy sedinent sanples,
the correlati on between the uv/F and GC neasurenents

foll ows the equival ence |ine.

Those six mcrobiology sedinment sanples were coll ected
fromstations H4, H5 and H6 in Bays 9 and 10 on August 30
and Septenber 5. The deviation fromthe equival ence |ine
suggests that these sanples contain either relatively higher
concentrations of phytane and other saturates (by GC) or
| ower concentrations of two and three-ringed aromatics (by
uv/F) than the original oil, perhaps due to preferentia
| oss of aromatics. This suggests that the petroleumin
t hese sedinents during the first week follow ng the dispersed
oil spill was chenmically different fromthe original Lagonedio
oi l.

3.26 Statisti cal Met hodol ogy for the Conparison of
Sedi nent Dat a

Concentrations of petroleum were neasured in sanples
collected fromfive fixed sites (tissue plots) located along
each of two depth strata in each experinental bay. Duri ng
the 1981 field season, sanples were collected fromeach of
the four bays during three tine intervals designated prespill,
1st postpill and 2nd postspill. (Details of sanpling were
described in Section 2.1). A total of 24 sanple groups
(4 bays x 3 tines x 2 depth strata) each containing from two
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to five sanples result for bottom sedi ment and surface floe
col lected fromthe tissue plot sites. Twelve additional

sedi ment sanples collected during the 2nd postspill sanpling
fromfixed sites |ocated along the two benthic bi ol ogy
sampling lines in each bay were al so anal yzed.

The tissue plot data set was coded as concentration of
petrol eum measured by UV/F in units of mcrograms per gram
dry weight. The data were treated according to methodol ogies
outlined in Geen (1979). The variances of the sanple
groups were found to be heterogeneous using Bartlett’'s test.
Since a plot of LN s2 vs LN Xi suggested a
dependence of the variance on the mean, the data were
transfornmed using the log transformation, Z = &n (Xi +
1). The transformation renoved sonme but not all of the
het erogeneity of variance. The square root transformation,

Z = SQRT (X3), al so failed to completely renove the
het erogeneity of variance. Consequently, the [og transforned
data were used in all statistical calculations.

The neans and 95% confidence intervals for each data

group were calculated according to the follow ng formula
from sokal and Rohlf (1969 p. 145):

95% confi dence interval + t, o5 [n-1] 8/ /7.

Both the nean and the confidence interval were cal cul ated

using the log transforned data and back-transfornmed to the
original units for presentation. Statistical data are reported
using the following format: geonetric mean (lower 95% confi -
dence limt, upper 95% confidence Iimt) or Xg[, ].
Summaries of the statistical data for sedinents and floe from

tissue plot sites and for sedinments fromthe benthic biology
sanpling lines appear in Tables Al, A2 and A3 of Appendix A
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Sanpl e groups were tested for a statistically significant
difference in nmeans using the t-test (Sokal and Rohlf, 1969,
pp. 216-226). The appropriate conparison was nade dependi ng
on whether the two sanple groups had equal orunequal nunbers
of observations. The probability that the two sanple group
means were indistinguishable was determ ned fromthe
t-distribution.

Sumaries of the intra- and inter-bay conparisons for
surface sedinments and floe appear in Tables A4 through A9 of
Appendi x A.  Discussions of the chenical significance of
t hese conparisons appear in previous “Results” sections.
This section sumarizes the conparisons.

3.2.7 Ol in Beached Sedi nents

3.27.1 Bay 11 Beach

The concentration of oil and its conposition along two
transects perpendicular to the beach face were exam ned by
CGC anal ysi s. Sampl es were taken at the low, md-, and
high-tide marks along the two beach transects and sanpl es
exam ned to determne (1) changing conposition with tine,
(2) changi ng concentrations of oil with tinme, and
(3) changing conposition and concentration along with each
transect.

Results are summari zed in Table 3. 21. The concentr a-

tions of oil in the beach sedinents change at each sanpling
| ocation during the first nmonth after the spill and subsequent
beaching of the oil. Variations in absolute concentrations

noted in Table 3.21 (e.g., Transect 4/H') probably can be
ascribed to sanpling variability because there seens no
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TABLE 3-21
BAY 11 BEACHED O L (GC DATA)

O L CONCENTRATI ON WEATHERI NG PARAMETERS
SATURATES AROVATI CS
(1) (f2)
(mg/qg) (mg/g) TOTAL
DRY VET DRY VET DRY VET
TRANSECT/ VE| GHT VEI GHT WEl GHT V\EI GHT VEI GHT \E| GHT
BAY LOCATI ON DATE BASI S BASI S BASI S BASI S BASI S BASIS ALK/1S0 PRIS/PHY SHWR
11 4/ H 8/ 20/ 81 120 40 63 21 180 61 2.64 0.83 2.51
11 4/ m D 8/ 20/ 81 6.1 3.7 2.9 1.8 7.9 5.5 2.71 0.84 2.35
11 4/ LOW 8/ 20/ 81 20 32 10 5.0 30 17 2.79 0. 88 2.89
11 4/ H 9/ 15/ 81 0.36 0.24 0.11 0. 07 0. 47 0.31 1.83 0. 86 1.18
11 4/ M D 9/15/81 24 14 8.5 5.1 33 19 2.178 0.83 1.85
11 4/ LOW 9/ 15/ 81 7.4 4.5 2.5 1.6 9.9 6.1 2.76 0.80 1.48
11 6/ H 8/20/81 54 18 27 9.1 81 27 2.72 0.81 2.81
11 6/ MD 8/ 20/ 81 1.4 0.9 0.7 0.5 2.1 1.4 2.84 0.73 2. 40
11 6 /LOW 8/ 20/ 81 9.4 6.2 4.5 3.0 14 9.2 2.71 0.82 2.51
11 6/ H 9/15/81 18 11 6.5 3.9 25 15 2. 89 0.82 1.52
11 6/ MD 9/) 5/ 8) 17 5.9 6.0 2.1 13 8.0 2. 67 0. 87 1.61
11 6/ LOW 9/15/81 15 5.1 5.5 1.9 21 7.0 2.72 0.82 1.78




l'i kel y mechanism for a decrease in oil concentration at the
high-tide mark with no equal or greater decrease at the low-
and md-tide narks.

Al t hough total oil concentrations remained in the
10-20 ng/ g dry wei ght range during the one-nonth post spill
period, the beached oil weathered noderately mainly due to
evaporative |osses of light saturates and aromatics. For
the nost part indications of biodegradation (ALK/ISO; Table
3.21) show no significant biodegradation. However at |ower
concentrations (i.e., Transect 4, H; Septenber 15) acceler-
ated | oss of n-alkanes relative to isoprenoids (ALK/ISO =
1.8) may be indicative of the onset of some microbially-
medi at ed degradation. This sanple has al so suffered sub-
stantial loss of |ight saturates (sHWR = 1.8) and aronatics
(Figure 3.66 vs. 3.67) indicating that as oil concentrations
decrease, weathering processes accelerate. The extent of
evaporative | oss from beached oil sanples ranges from 40-67
percent in the Septenber 15 sanples (sHWR = 1.5-1.9). This
i ndi cates that from 40-67 percent of the evaporative |osses
possible for this oil have occurred during this period.
(Note, this does not indicate a | oss of 40-67 percent of the
oil by weight. )

Loss of aromatics parallel the saturate |osses. Loss
of alkylated benzenes and napht hal enes proceeds nainly due
to evaporation. After one nonth, nost sanples still contain
significant Cy-C4 naphthalenes, al though the npst extensively
weat hered sanple (Transect 4, H; Septenber 15)is devoid of
t hese naphthalenes (see Figures 3.67 and 3.68). That |oss
is due to evaporation rather than dissolution is suggested
by the simlarity in the conposition of the Transect 6
sanples, the lowtide sanple being flushed to a greater
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Figure 3.67. Gc2 profiles of beached oil from Bay 1 after one day’s stranding.
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Figure 3.68. GC2 profiles of beached oil from Bay 11 after 1 month stranding.



extent by seawater and hence potentially subject to greater
| osses by dissolution (Figure 3.69).

The simlarity in pristane/phytane ratios in all
sanpl es indicates that no external influences (i.e., the
addi ti onal biogenic material containing pristane) have
obscured the weathering paraneters.

3.2.8 Bay 9 Beach

Four samples of Bay 9 beach sediment were obtained to
determine if detectable di spersed oil residues were observed
on the beach. No observable oil was present at the tinme
al though a “vegetable oil"-looking film was apparently
coating the sedinent.

No oil was detected at the high tide (beach berm Iine.
Low levels, 5-10 ppm (Tabl e 3-22), were observed at the md
and | ow points on the beach transect. [Interestingly, this
is roughly the sane | evel observed in the bottom sediments
fromthis bay. The oil was weathered, roughly to the sanme
extent as was observed in the bottom sediment (SHWR = 1.5)
and no bi odegradation was noted. A large peak at approximtely
n-Ca5 in the GC trace, a phthalate acid ester, was
observed. The presence of this peak nay be attributed to an
inpurity in the dispersant and was noted in other GC
traces of |owlevel water sanples.
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TABLE 3-22

BAY 9 BEACHED O L (GC DATA)

AROVATI CS

SATURATES
TRANSECT/ (£1) (£2) TOTAL ALK/ PRIS/
LOCATION - DATE _ ( 1199) (n9/9) ( n9/g) IS0 PHY  SHR
2/ HI 8/31/81 8 .5 1.3 ----- no oil -----
(surface)
2/ HI 8/31/81 8 .6 1.4  ----- no oil-----
(subsurface)
2/ M D 8/31/81 5.3 2.1 7.4 -- 1.3 14
2/LOW 8/31/81 3.2 1.4 4.6 - 2.5 15




3.30il in Sedinent Traps

A set of 23sedinment traps was analyzed by GC'to
determ ne the quantity and conposition of sedinmented oi
resi dues. The results of these anal yses are presented
here in Table 3-23.

In general, the sedinment traps were deployed to fil
the gap between the particulate oil in the water colum and
that in surface sediment/floc and benthic detrital feeders.
Therefore, the quantitative capture of material was not
essenti al . | ndeed, there is no real way of firmy establishing
a vertical flux rate fromthese trap data. The goals were to
determne if oil was sedinmenting in the various bays and
to determne its conposition

3.3.1 Bay 9

Significant quantities of oil were trapped in Bay 9
during the O3 day (post-spill) deploynment. (One cannot
unequi vocally determne the time or the rate of capture of
this oil. Wat can be said is that the oil trapped in Bay 9
actively sank into the trap and that the oil’s conposition
was that of a noderately to substantially weathered oi

(SHWR=1.1-1.9). In the traps containing the nost nateria
(Tabl e 3-23) though, the bulk of the hydrocarbons captured
were saturated hydrocarbons ( i.e. , individual n-alkane

level s, cy3-C3g, 1-2 ug/trap). Light aromatics (c;, C, C3
naphthalenes) were captured to a small extent (20-70 ng

i ndi vi dual conponent per trap = 0.5 ug total naphthal enes
per trap; see Figures 3-70 and 3-71). After the initial

(O3 day) period, significant quantities of saturated hydro-
carbons of a petroleumorigin were observed in the 4-7 day
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TADLE 340

SEDI MENT TRAP CONCENTRATION/COMPOS ITION SUVVARY

TI ME TOTAL SATURATED AROVATI C TOTAL

( POST- EXTRACTABLE HYDROCARBON HYDROCARBON HYDRO-
BAY SPILL) STATI ON DEPTH MATERI AL FRACTION® FRACTI ON CARBONS ALK/ISOb SHWR AWR'
(days) (m (ng/trap) ( ng/trap ) (ug/trap) (ug/trap)
10 pre-spill 10 400 <5 <5 <5 - -— -
0-3 1 7 380 150 20 170 2.4 1.3 --
0-3 6 3 300 30 5 35 1.6 1.6 --
4-7 6 3 530 40 <5 40 - 1.2 --
4-7 1 7 160 30 <5 30 0.8 1.3 -
8-14 6 3 520 <5 <5 <5 - 1.0 --
8-14 1 7 770 20 <5 20 - 1.1 -
9 pre-spill 10 350 <5 <5 <5 - -
0-3 1 7 190 60 10 70 2.0 1.1 --
I 0-3 5 7 1320 130 20 150 1.7 1.9 --
H 0-3 10 3 1000 280 30 310 2.4 1.4 NAD
4-7 10 3 1770 50 <5 50 0.9 1.2 -
4-7 5 7 550 90 <5 90 1.0 1.1
4-7 6 3 80 <5 <5 <5 - o
8-14 6 3 700 <5 <5 <5 - 1.1
8-14 1 7 580 80 <5 ~8 0 0.4 1.0
7 0-7 6 3 410 40 5 45 0.8 1.1 NAD
0-7 1 7 400 30 5 35 1.1 1.5 --
8-14 1 7 590 <5 <5 <5 - 1.0
11 0-3 8 3 190 20 5 25 1.8 1.1
0-3 8 3 180 10 5 15 1.8 1.1
4-7 BQ 3 340 20 5 25 1.5 1.4
4-7 BQ 3 240 30 5 35 1.9 1.2

acorrected for biogenic i nput.
bALK/IS0=2.5 m spilled oil.
CgHWR=2.5 1N spilled oil.

‘by GC2/MS

NAD = no arommtics detected.
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Bay 9 Saturates (0—3 Days)
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Figure 3.71. GC2 Traces of Selected Sediment Trap Samples.
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traps. These residues were well weathered. The decrease in
the ALK/ISO ratio (Table 3-23) is mainly attributable to
biogenic inputs rather than to biodegradation. After the

O 3 day sanpling, aromatic hydrocarbons were no |onger
detected in the traps. Indeed, Gc2/mMs results fromthe

two sanples examned failed to detect any aronatic

hydr ocar bons.

One can nmake the rough calculation of an oil sedi-
mentation rate based on several assunptions: (1) Ol was
sedinented during the O 1 day post-spill period, i.e. , any
subsequent capture is of resuspended bottom sedinment floe
during sanpling operations. (2) The traps were efficient
col l ectors. (3) No degradation of oil occurred in the traps.
(4) No dissolution of trapped particulate occurs, thus decreas-
ing observed concentrations. W do not believe that a |arge
anount resuspension and capture are much of a problem due to
t he absence of an odd/even straight-chain al kane preference
whi ch woul d reflect resuspended terrigenous n-alkanes introduced
into the sanples. |f ~100-300 ug per trap are captured during
the first 24 hours, the traps having a cross-sectional area of
~95 cn, then the “pseudo-sedinentation rate” of oil could be
cal cul ated as 1-3 ug/cm?/day or 10-30 mg/m2/day. That this
nunber is simlar in magnitude to that obtained in the floe
sanpl es (2-10 mg/m2) at the one-day post-spill sanpling is
striking. For all intents and purposes these nunbers are the
same, given uncertainties in collection efficiencies of both
sedi ment trap and floe sanplers.

Sporadi ¢ occurrences of petroleumin the suspended
particul ate or resuspended particulate system are evi denced
by the incidence of captured weathered saturates of petroleum
origin in the 8-14 day trap depl oynents.
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3.3.2 Bay 10

The O3 day results reported in Table 3-23 for Bay 10
traps indicate trapped oil concentrations in the 35-170
ug/trap range. These oil residues are noderately weathered
(SHWR= 1.3-1.6) and mininmally biodegraded (ALK/ISO=1.6-2.4).
Again, saturates are nore abundant than aromatics wth
aromati cs representing 10-15 percent of the total hydrocarbons
captured as conpared to a 33 percent share for the aronmatics
in the hydrocarbon portion of the total oil (i.e., polars
not included). A simlar sedinmentation rate calculation
yields a range of values of 4-20 mg/m2/day conpared to a
known floe concentration of 2-7 mg/m2.

Subsequent sanpl es (4-7; 8-14 days) indicated very |ow
level s of well weathered saturated petrol eum hydrocarbons
with no detectable aromatics present.

3.3.3 Bay 7

Very smal |l quantities (35-45 ug/trap) of noderately to
hi ghly weathered oil were captured in Bay 7 traps. Here we
are approaching a background value of ~10 ug of hydrocarbons
(non-petrogenic) per trap. The increased evidence of bio-
degradati on (ALK/IS0=0.8-1.1) reflects the |longer residence
time of this material in the systemand its |ower concentra-
tion, thus allowing for favorable biodegration kinetics. Note
that apparently this very small |evel of sedinmenting petrol eum
in Bay 7 is non-detectable by both U/ F and GC anal yses of
surface floe and bul k sedinment fromthis bay.
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3.3.4 Bav 11

Like Bay 7, Bay 11 traps showed only very small quantities
of mainly saturated hydrocarbon oil residues. These residues
are highly weathered (sHWR=1.1-1.4) but virtually free of
bi odegradati on influence. Though there is detectable oil
in the sanples, their levels are close to the detection
[imt of ~10 ng/trap, as are the Bay 7 sanples, so these
results nust only be evaluated qualitatively.

3.4 Ol in Marine Organisns

3.4.1 Mya truncata

UV/ F anal yses to determne oil concentrations were
performed on a total of 95 sanples, conprised of 5 indi-
vidual tissue plot stations on each stratum sanpled (two
strata from Bays 9, 10; one strata from Bays 7, 11) for
three time periods (pre-spill; first and second post-spill).
Additional ly 5 individual Mya were analyzed from one tissue
plot station to determine within-station variability.

GC anal yses were perforned on pool ed extracts from
five tissue plot stations along each stratum during each
time period. Additional ly, the 5 individual Mya animals
were anal yzed as well as 3 individual tissue plot stations
along one stratum A total of 26 anal yses were performed.

cc2/mMs anal yses were perfornmed on the stratum poolings
pl us 2 of the individual tissue plot stations (total of

21 analyses).

Additionally, normal quality control activities in-
cluded the analyses of several analytical triplicates (i.e.,
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3 subsamples of a single homogenate at a given station,
refer to Section 2.2.9). Al data for tissues is reported as
the geonetric mean + the 95% confidence interval, on a dry
wei ght basis (see also Section 3.4.7).

3.4.1.1 Bav_9

3.4.1.1a G| Concentrations by UV/F

0il concentrations determ ned by UV/F spectra of Ma
tissues (Figures 3.72 and 3.73) were nmeasured at a well
def i ned emission maxi mum at 347-350 nm by conparison with
a daily standard curve of the Lagonedio oil. Two separate
calibration curves were used for tissue data - one for high
and one for |ow concentrations of oil. The W/F spectra
shown in Figure 3.74 illustrate typical spectra not only for
the oil and for Mya, but for all other animals as well.

Pre-spill UV/F data for Mya contain 0.35 (.22, .49) ug/g
dry weight of oil equivalents in the 7m stratum (Tissue
plot stations 1-5), and 0.40 (.25, .56) in the 3m stratum
(Stations 6-10). (Note, however, that pre-spill UV\WF neasure-
nments reflect background fluorescence at 350 nm due to an
unknown source. No oil was found (by GC) in any pre-spill
tissues sanmples of Mya or other species. ) One day post-spill
(28 August 1981) clans contained 121 (51, 290) ug/gof oilin
the 7m stratum, and 215 (130, 350) ug/gin the 3m stratum.
Mya oil concentrations duri ng the second post-spill sanpling
(10 Septenber 1981) were lower: 114 (90, 140) ng/g, 7m
stratum, and 135 (120, 1S0) ng/g, 3m stratum. No statistical
difference was found between data from 7m and 3m strata for
any sanpling period, or between data fromthe first and second
post spill sanples collected fromthe 7m stratum (Tabl e 3-24,

Appendi x A).
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CONCENTRATIONS OF OIL BY UV/F (ppm)
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Figure 3.72. Mya truncata Concentration Summary.
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PRESPILL

7-9 AUG 81
TISSUE %
PLOTS 23 .50 .33 .50 .45 3m 40 (2, ,56)
6 7 8 g 10
37 I 44 | .31 l 19 I 44 7m 35 (.22, ,49)
1 2 3 4 5

FIRST POSTSPILL
28 AUG 81

194, 230. 350. 118. 251, 3m 215.(130, 350)

211. I 195. l 43, [ 81. l 183. 7m 121. (51, 290)

SECOND POSTSPI LL
10 SEP 81

128. ’ 153. ' 147. 119. l 129. 3m 135. (120, 150)

115. 104. 116. 90. 152. 7m 114. (90, 140)

*959% Confidence Limits

Figure 3.73. Concentrationsof Q| in Mya truncata, Bay 9 by UV/F (fig/g).
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Figure 3.74. UV/IF spectra of Mya truncata and of Lagomedio crude oil.
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3.4.1.1b O | Conposition by &c 2

The GC2 profile tine series for the saturated (£1) and
aromatic (f2) hydrocarbons in Mya are shown in Figures 3-75
and 3-76. Pre-spill sanples contained only biogenic conpounds.
The one-day post-spill aninmals contain “fresh” oil wth
al kane conmponents as |ow as n-C10 observed in the tissues.

Bi odegradati on proceeds rapidly within these tissues (Fig-
ure 3-75) with the alkanes being nearly totally degraded
relative to the isoprenoid alkanes during the two-week
postspill period. This degradation is nost |ikely due to
bacterial activity within the animls thenselves, rather
than reflecting an assimlation of biodegraded residues.

| ndeed, there is no evidence for mcrobial degradation
occurring to any significant extent in the water or sedinent
within this time period.

CC profiles of the aromatics reveal the nassive
acqui sition of “fresh” petroleum by Mya one day after the
spill (Figure 3-76), followed by preferential |oss of two
ringed aromatics an increased relative inportance of the
alkylated phenant hrene and di benzot hi ophene conpounds, and
a relative increase in the unresolved conplex mixture (UCM).

3.4.1.1c Aromatic Hydrocarbon Conposition by GC 2/ M5

The changing detailed aromatic hydrocarbon profiles of
Mya sanpl es (analyzed by stratunm) are shown in Figure 3-77.
The profiles reveal that after an initial accumul ation of
whole “fresh” oil containing abundant naphthal ene conpounds
as wel| as phenanthrene, fluorene (not shown), and dibenzo-
t hi ophene conmpounds, extensive deputation of all aromatic
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Figure 3.75. MYA truncata—GCZ Profiles of Bay 9 Animals (Saturated Hydrocarbons).
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compounds occurs. No alkylated benzenes were detected in

any sanples at either tine interval. Note, however, that

the relative degrees of deputation of two-ringed aromatics and
t he parent phenant hrene and di benzot hi ophene are nuch greater
than for the alkylated phenanthrene and di benzot hi ophene
conpounds.

3.4.1.2 Bay 10

3.4.1.2a oilConcentrations by UV/F

uv/F scans of tissue plot stations in Bay 10 reveal ed
prespill concentrations of “oil equivalents” simlar to
those of Bay 9: 0.57 (.42, .74) ug/g, Tmstratum and 0. 78
(.55, 1.0) ug/g, 3mstratum The first post-spill sanplings
were undertaken on August 29, 1981 for Stations 6 to 10 and
August 30, 1981 for Stations 1 to 5. First post-spill concen-
trations were high, at 277 (180, 420) ug/g,7mstratum, and
368 (290, 460) ng/g, 3m stratum. AsS in Bay 9, the clams
anayzed from the nore shallow 3m stratum (Tissue plot stations
6-10) contained higher concentrations of oil. Bay 10 oil
concentrations are roughly twice the concentrations found in
Bay 9. Second post-spill clanms (Septenber 11) contained 157
(110, 230) ug/gm, 7mstratumand 131 (96, 178) ug/gm, 3m
stratum indicating a twofold reduction in total oil concen-
trations. This value is reasonably simlar to Septenber 11
concentrations in Bay 9, suggesting that, despite the higher

initial post-spill oil concentration in Bay 10, the concentra-
tions two weeks later may be a function of lipid storage
capabilities and not the original concentration of oil. The
first post spill concentrations may reflect oil levels in the

animals’ guts as opposed to assimlated oil stored in the clam
muscle. Furthermore, note (Fi gure 3-72) that the Bay 10 sampling
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is 1-2 days after the Bay 9 sanpling, perhaps indicating
continued oil uptake during the 1-3 day post-spill period.
Concentration data are sunmarized in Figures 3.72 and 3-78.

UV/F anal ytical replicates within Bay 10 are good. For
pre-spill data, triplicate sanples from Station 3 averaged
0.67+0.12 ng/g, and a second post-spill sanple from Station 5
averaged 110.9+3.3 ug/g (arithmetic means and standard
devi ati ons).

3.4.1.2b Q| Conposition by GC

The GC2 profiles of Mya from Bay 10 reveal ed the
same conpositional features as those for Bay 9 aninmals;
that is, rapid massive uptake of fresh oil followed by
deput ation of both saturates and aronmatics with preferential
| oss of soluble aromatics and bi odegradabl e n-alkanes.
The larger anmount of oil initially acquired is of the sane
conposition nature (i.e., relatively unweathered oil) as
the Bay 9 animals.

3.4.1.2c Aromatic Hydrocarbon Conposition GC2/MS

Detailed aromatic hydrocarbon results are presented in
Figure 3-79 for Bay 10 (7m stratum offshore and 3m stratum
nearshore) animals. Levels of aromatics are greater at the
inshore stratum than offshore, but aromatic profiles are
simlar at both strata and echo trends observed in Bay 9.
That is, after rapid uptake of whole oil containing sizeable
quantities of toxic naphthalenes and other aromatics, nearly
all of the naphthal enes and cp-c; phenanthrenes and diben-
zot hi ophenes are depurated |eaving 40 to 60 percent of the
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Figure 3.78. Concentrations of Gl in Ma truncata, Bay 10 by UV/F (ug/g).
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original amount alkylated phenanthrene and di benzothi ophene
conponents (Figure 3-79). These findings indicate that the
alkylated aromatics will continue to be the conpounds of
greatest interest in long-termtissue nonitoring efforts.

3.4.1.3 Bay 7

3.4.1.3a G| Concentrations by Uv/F

G| concentrations by uv/F were at background |evels
(0.34 [.21, .48] wg/g, Tmstratum) for pre-spill clans in Bay
7. Levels rose to 114 (64, 210) ug/g for the first post-spill
sanpl es (August 31), and then dropped to 47 (31, 70) ug/g
by the second post-spill sampling (Septenber 11). (See
Figures 3-72 and 3-80.)

3.4.1.3b0il1 Conposition by GC

Ma fromBay 7 did acquire significant levels (up to
~150 ppm) of petroleum GC2 profiles (Figure 3-81) of
the first one-day (August 31=3 days) aninals reveals a
hydrocarbon assenblage in the process of being degraded
(i.e., internediate between those observed in Figure 3-75
fromBay 9). Note the high abundance of pristane (natura
and petrogenic) and high relative abundance (to n-Cyg) of
phyt ane (petrogenic), the latter indicating the biodegrada-
tion process. This process continues through the two-week
sanpling, in which the extensive biodegraded oil (albeit
in lesser quantities than found at 3 days) is reveal ed
(Figure 3.81). Aromatic profiles (Figure 3.82) reveal a
significant three-day inpact of aromatic petrol eum residues
as indicated by a large UCM and broad range of aromatic
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Figure 3.82. MYA truncata—GC?2 Profiles of Bay 7 Animals (Aromatics).



conmponents decreasing in abundance relative to biogenic
peaks in the two-week sanpl es.

3.4.1.3c Aronatic Hydrocarbon Conposition by GC2/MsS

That low |l evels of a noderately weathered aromatic
hydrocar bon assemblage are found in Bay 7 animals is shown
in Figure 3-83. Very small quantities of naphthalenes
appear in the first (3-day) sanples, thereafter being
conpletely lost fromthe tissues. In tw weeks, levels of
phenant hrenes and di benzot hi ophenes are reduced to roughly
50 percent of their three-day values. The initial levels
of individual aromatics are five to ten tines |ower than
observed initially in Bays 9 and 10 although the total oi
concentrations are two to three times lower. The two-week
residual aromatic levels (30-150 ppb) in Bay 7 are | ower
than those observed froma simlar tine interval at Bays 9
and 10 (100-700 ppb). However, the nost significant differ-
ence between Bay 7 and other Mya aninmals (i.e., Bays 9
and 10), other than the |ower absolute concentrations in
Bay 7, is the lack of initial abundance of naphthalenes
(i.e., toxic aromatics) in Bay 7 aninmals indicating either
a |l oss of naphthal enes during transit of oil fromBay 9 to 7
or an artifact of the slightly later (one to two days later
than Bay 9 and 10) first post-spill sanplings.

3.4.1.4 Bay 11

3.41.4a 0i1 Concentrations by UV/F

Background | evels of oil, as determned by UV/F, were
found in Bay 11 clans for both the prespill (0.43 [.33, .53]
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and the first post-spill periods (2.0 [1.2, 3.1] ug/g) although
the increase (0.4 to 2.0) is statistically significant at

the 95 percent level. Clanms were collected on August 12,

1981 (pre-spill) and August 21 (first post-spill). Level s

of oil increased to 93 (73, 120) wng/g for the second post-spil
sanpling, in clanms collected on Septenber 8. This pattern

is distinctly different fromthat of the previous bays,
suggesting that the shoreline spill did not impact the

clams until much later, probably due to slower transport

of oil fromthe shoreline to the benthos. Concentrations

are summari zed in Figures 3-72 and 3-84.

3.4.1.4b G| Conposition by GC

GCresults confirmthe |ack of a detectable oi
i npact on Bay 11 Mya prior to the “two-week sampling”
(September 11 = 3 weeks). The first detectable oil in
these animals was found in the three-week sanples and
consi sted of a degraded saturated hydrocarbon assemblage
(Figure 3-85) and a weathered aromatic assenbl age (Fig-
ure 3-86) with residual oil quite evident in the aromatic
fraction. The alkylated phenant hrene and di benzot hi ophene
compounds are characteristic of the residual oil in the
t hree-week ani mals.

3.4.1.4c Arommtic Hydrocarbon Conposition by GC /MS

GC2/Ms reveal s the precise nature of the residual
aromati c assenblage (Figure 3.83). Substantial quantities
of alkylated phenant hrene (~200 ppb) and di benzot hi ophene
conmpounds (~1000 ppb) are revealed in the two-week sanples.
This oil is nmost probably introduced to the Bay 11 benthos
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t hrough beach erosion processes, but the influence of
intrusion of dispersed oil residues between August 21 and
Septenber 11 cannot be assessed from these data al one.

3.4.1.5 UV/F vs. GC Analysis

UW\F data from each tissue plot station was weight
averaged to obtain an oil concentration for each stratum
and conmpared by linear regression to data obtained by GC.
UV/ F concentrations are equivalent to 1.06 GC (f; + f2)
concentrations with a correlation coefficient of 0.89.
Prespill, first and second postspill are all included in
this graph (Figure 3.87). Individual tissue plot stations
anal yzed by both Uv/F and GC are also graphed. For all
species, UWV/F analysis was found to be roughly conparable
to GC analysis (slope of the line), with a correction for
background (y-intercept) and regardless of the concentration
of oil. Individual tissue plot stations 1,3, and 5 were
taken fromBay 9, second postspill, and averaged 42.3 ung/g
oil as conpared to the conposite 7m stratum concentration of
57.2 ng/q oil.

3.4.1.6 Individual M/a Animals

Single Mya ani mal s were individually anal yzed (~15 ¢
each wet weight) to assess clamto clamvariation within a
tissue plot station. Ma tissue plot stations generally
contained 10-25 clanms, which were honogeni zed, and a 30 g
wet wei ght subsample analyzed. UV/F and GC'data are
conpared in Table 3-21. As can be seen, the correlation
of UV/F data for Bay 7 clans fromthe individual animal
(107 wug/g oil) within the tissue plot station (60 ug/g
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oil) to the stratum average (stations 1-5, 114 ug/g oil)

is reasonable. The individual clam concentrations are

hi gher than those for the entire stratum (Table 3-24), but
may be a reflection of the analysis of only five individuals
as opposed to the many morei ndi vidual s that conprise

a stratum GC'result (v100). On the other hand, Bay 9

cl ams show good correlation between the individual aninal
and the conposite stratum GC'oil concentrations.

3.4.2 Serri pes groenlandicus

UV/ F anal yses were performed on a total of 63 sanples
i ncluding individual tissue plot stations (handpicked or
airlifted), pooled dissected guts and remaining tissue from
an extra Bay 10 ani mal set.

GC anal yses were conducted on pool ed extracts from
each stratum (15), on the guts and nuscle sanples (2) and
on the individual tissue plot stations (3).

3.4.2.1 Bay_9

3.4.2.1a0il Concentrations by Uv/F

Serripes W/F data (Figures 3-88 and 3-89) illustrate
simlar trends to those for Mya. Pre-spill concentrations
in Bay 9 were 0.68 (-.02, 1.9) g/g. First postspill concentra-
tions were higher than Mya, reaching 482 (340, 680) ug/g
(airlift) and 186 (110, 330)(handpicked). An anal yti cal
triplicate sanpling for this stratum (Station 3) was 556+119 ug/g,
see Section 2.2.9). Second post-spill concentrations for the
7m stratum were 97 (59, 160) wug/g (handpicked) and 116.0
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TABLE 3-24
| NDI VI DUAL MYA CLANMS

WA, BAY 7, STATION 2 MYA, BAY 7, STATION 2
FIRST POSTSPILL (ug/g) FI RST POSTSPILL (ug/g)

CLAM UvV/F GC? UV/F oc 2
1 100 145.6 43
2 34 119.8 79 162.4
3 200 350.1 76 84.4
4 96 240.1 99 180.3
5 98 109.7

107@ 213.9 79 134.2

Ti ssue Pl ot

Station 2

UvV/F 60 195

Wi ght

Aver aged

Stratum

UV/F 114 121

Composite

Stratum

2 96.7 126. 8

arithmetic nean.
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Figure 3.89, Concentrations of QilinSerripes, Bay 9 by UV/F {ug/g).
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(69, 190)(air lifted). Clanms fromthe 3m stratum contai ned 160
(120, 210) wg/g of oil (hand picked). Bay 9 first postspill
data is the only bay and tinme in which airlift vs. hand-picked
clanms were found to contain significantly different concentra-
tions of oil.

3.4.2.1b0OilComposition by GC

Beginning wth a pre-spill hydrocarbon assenbl age
consi sting of biogenic nolecules, Serripes acquires nearly a
full range of saturated and aronmatic hydrocarbons fromthe
oil (Figures 3-90 and 3-91), although sonmewhat depleted in
t he naphthalene conponent series. As with Mya, the saturated
hydrocarbon assenblage in the Cyj3 to Cpp range is substan-
tially degraded in the second post-spill sanpling (Figure
3-85). However, a secondary saturated distribution persists
in an undegraded formin the C3 to C33 range, including
a secondary UCM in this boiling range. Thus, the GC
profiles of the residues in the second post-spill sanpling
differ significantly fromthe Mya profiles with respect to
the retention of this higher-nolecul ar-weight material.

3.4.2.1c Aromatic Hydrocarbon Conposition By GC/Ms

Anot her substantial difference between Mya and Serripes
behavi or vis-a-vis petrol eum conponent retention is reveal ed
in the GC/MS data (Figure 3-91). The first post-spil
sanpling consists largely of naphthalene conpounds which
are conpletely absent in the second post-spill sanpling
fromthe 7m stratum but still abundant in the 3m stratum
However, |evels of phenanthrenes and di benzot hi ophenes
persi st and no apparent deputation of these conpound
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series occurs (Figure 3-91). | ndeed, |evels may be increas-
ing. The Gc2/Ms profiles of the nearshore (3m transect
indicate little conpositional change in that naphthalenes

and Cg and C3 phenanthrenes persist. This finding illus-
trates that Serripes as a species certainly retains nore

of the potentially harnful aromatic hydrocarbons than does Mya.

3.4.2.2 Bay 10

3.4.2.2a G| Concentrations by UWF

Prespill oil concentrations (Figure 3-88 and 3-92) were
1.4 (40, 3.0) ug/g. Firstpostspill concentrations from the
7/mstratumwere 329 (240, 460) ug/g (hand picked) and 278
(220, 350) wg/g (air lift), and fromthe 3m stratum 698 (500,
970) (hand picked). Second postspill concentrations for the 7m
stratum decreased to 141 (110, 180) (hand picked) and 149 (130,
170) (air lifted). A single tissue plot was collected fromthe
3m stratum and contained 177 ug/g of oil. There was no
statistical difference between airlift or handpi cked sanpl ed
from Bay 10 (Appendix A). Al differences in concentrations
of oil measured at each tine period, and between strata are
significant for the Serripes clam Serripes concentrations
are higher than Mya initially butreach similar levels af t er
two weeks.

3.4.2.2b G| Conposition by GC

Bay 10 trends in petroleumprofiles for Serripes are
identical to those observed in Bay 9. Levels of hydrocarbons
are sonewhat higher for the Bay 10 Serripes, especially for
the 3m stratum (an observation nade on Mya as well), but
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compositionally Serripes from Bays 9 and 10 behave simlarly
(Figure 3-93). The retention of higher nolecul ar weight
saturates again differentiates Mya from Serripes at the sane
| ocat i on.

34.22c Aromati c Hydrocarbon Conposition by Gc2/ms

Serripes fromBays 9 and 10 behave simlarly with respect
to aromatic hydrocarbon profiles. An abundance of naphthal ene
conpounds initially acquired is still present in the second
sanpling (Septenber 11) (Figure 3-94) and |evels of phenanthrenes
and di benzot hi ophenes are at |east as abundant as in the first
post-spill sanpling (Septenber 1). Note that the abundance of
the total f, fraction both in the Bay 10 7m set (Figure 3-94)
and in the Bay 9 3mset remains nearly constant in spite of
a lowering of the f£; fractions by either deputation or deg-
radation. The reason for this differential behavior of the f,
and £, fractions renmains unknown.

A very large quantity of naphthal enes (2-4 ppm and other
aromatics characterizes the Septenber 1 sanple of Serripes
taken at the 3mstratumin Bay 10.

3.4.2.3 Bay 7

3.4.23a Concentrations of QI by W/F

Three of five tissue plot stations sanpled during the
pre-spill period contained enough serripes for analysis.
Concentration levels werein 1.2 (1.2, 1.3) ug/goilequival ents.
First post-spill clams contained 517 (360, 750) ug/goil, much
hi gher than Myaclams from the same stations. Second post-spill
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clamshad depurated over 75% of this oil to 73 (31, 170) tg/g
oil (see Figures 3-88 and 3-95). Al differences are significant

for Serripes in Bay 7. (See Appendix A)

3.4.2.3p Q| Conposition by GC2

Initially Bay 7 Serripes contained equal or greater
quantities of oil than did eit-her of the dispersed oil test
bays. Just as Bay 10 animals initially (August 29) contained
hi gher levels of oil than the Bay 9 aninmals (August 28), the
hi gher initial levels of Bay 7 Serripes (August 31) may
reflect increased uptake during the August 28 to August 31
period. The GC2 profile of the earliest sanpled animals (9/1)
revealed oil in the process of being degraded (ALK/IS0=0.2)
and a smaller amount of oil of a simlar conposition 10 days
| ater (Septenber 11). The marked abundance of higher
boiling saturates seen with heavier water colum dosings at
Bays 9 and 10 are not apparent on the Bay 7 traces. However,
aromati c hydrocarbon profiles at the second post-spill
sanpling do resenble those fromthe test bays, albeit at
lower concentrations (Figure 3-96).

3.4.2.3¢c Aromatic Hydrocarbon Conpositions by. GC4/MS

Again, individual aromatic |evels do not decrease during
the first two weeks, in spite of a substantial [oss of the
f2 fraction as a whole. Phenanthrene and di benzot hi ophene
conmpounds persist at initial levels (Figure 3-97), while the
smal | amount of naphthal enes originally acquired, “disappears.”
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Figure 3.97. Aromatic Hydrocarbon Profiles in Serripes by GC2/MS (Bay 7 and 11).
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3.4.2.4 Bay 11

3.4.2.4a QI Concentrations by UV/F

Serripes were found only at Station 3 during the

pre-spill: 1.6 ng/g oil. First post-spill clams contained

6.0 (.19, 41) g/g of oil, and the three tissue plot stations
inwhich clams were found during t he second post-spill sanpling
contai ned 394 (200, 780) ug/g oil. These clams follow the

sanme pattern as _M_E for Bay 11, that is an initial |ow but
significant increase in oil followed by a large increase in

the 3-week (second post-spill) sanpling (see Figures 3-88
and 3-98).

3.4.2.4b Q1 Conposition by GC

Representative GCtraces of Bay 11 Serripes (Fig-
ures 3-99 and 3-100) are consistent with observations for
other bays with respect to (1) degradation of |ower boiling
n-alkanes wWith tine, and relative retention of branched
and isoprenoid alkanes; (2) the retention of intact n-Cy3
to n-C33 alkanes; and (3) the presistence of alkylated
phenant hrene and di benzot hi ophene conpounds. ~ CGC anal yses
did not detect any petroleum present in the first post-spill

deternined "oil equivalents" |[evels.

3.424c Aromatic Hydrocarbon Conpositions hy GC2/MS,
The first and second postspill Bay 11 Serripes. 7m

stratum conposites were analyzed by Gc2/ms. Results
in Figure 3.97b indicate that no detectable aromatics were
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present in the animals initially and that concentrations of

al | aromatics increased during the next three weeks. The
resi dual aromatics conposition is typical of second post-
spill Serripes sanpl es.

3.4.2.5 UV/F__VS. GC Anal yses

As with Mya, Serripes data for GCand wei ght averaged
UV/F by stratum was plotted to correlate UV F oil concentra-
tions with GCoil concentrations. UV/F data was equival ent
to 1.40 (GCdata) - 20.6 (Figure 3.101). Hence, for this
species, the GCdata contained a higher non-oil background
| evel than the UV/F data. Figure 3.101 also illustrates the
correlation between UV F and GC'for all concentrations of
oil (conpare lines plotted with and w thout prespill sanples).
| ndi vidual tissue plot stations fall reasonably close to the
line, again indicating a consistency between individual and
conmbi ned tissue plot analyses. Tissue plot stations 1, 3,
and 5 were taken fromBay 9 first postspill and averaged
163.0 ug/g of oil as conpared to the conposite 7m stratum
mean of 182.0 ug/g.

3.4.2.6 Separate Analyses Of Serripes Gut and Miscle
Ti ssue

A coll ection of hand-picked Serripes from Bay 10 was

col l ected fol l owing the spill (August 30). N ne individua
organi sns were di ssected, the gut renmoved fromthe bul k

muscle tissue, and the gut and residual tissue analyzed
separately. Gcand Gc2/Ms anal yses were per f or med.
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The GCresults indicate that there is little conposi-
tional variation between the guts: PRIS/PHY = 2.5/ ALK/ISO
= 1.6; cpr” 1.0, and the nuscle: PRIS/PHY = 1.6; ALK/ISO"

2.2; cpI =1.0. The difference in the ALK/ISO ratio may be
significant in that mcrobial degradation as reflected in
the decreasing value for the ratio does occur over tine.

The gut may be the primary site of the degradation. This is
not unexpected for a sanple taken one day after the spill.

A two-week sanmple was not available for this type of dissec-
tion and analysis, but mght have been nore instructive
vis-a-vis eventual site of petrol eum storage. Nevert hel ess,
t he one-day sanple did show that 69 ug of oil were found per
gram (dry weight) in the nuscle and 1520 ug of oil were
found in the gut. This converts to 300 ug oil per clamin
the gut and 65 ug oil per clam in the muscleor 82 percent
in the gut.

There was significant variation in the detailed aromatic
hydrocarbon patterns (Figure 3.102) of the two parts of the
ani mal s on a nanogram per animal basis (i.e. , nanogram per
dry weight of total tissue). Figure 3.102 shows that the
muscl e tissue contained equal or greater quantities of the
| ower nol ecul ar wei ght conpounds (ie., alkyl benzenes and
naphthalenes) than did the gut, inplying nore rapid i nward
transfer within the animals of these compounds. The alkylated
phenant hrene and di benzot hi ophenes are tw ce as abundant in
the gut as in the nuscle tissue. Note that the unsubstituted
phenant hrene and di benzot hi ophene conpounds are equal ly pro-
portioned between both tissues, acting nore simlar to the
naphthalenes. The polynuclear aronmatics (greater than three
rings) reside in the gut to a greater exent than in the
muscle. These results inply that the short-term transport

of aromatic hydrocarbons within the organism favors the
more sol ubl e conpounds, Wwhile the bulk of the hydrocarbons
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(saturates and aromatics), ~v82 percent, are mainly present in
the gut in the first day followng the spill.

|t seens paradoxical that these conpounds seen to be

preferentially incorporated in the nuscle tissue in the
short termare precisely those conpounds nost readily | ost
between the first and second postspill peri ods.

3.4.3 Macoma calcarea

A total of 57 UV/F anal yses were perfornmed on Macoma
15 GC anal yses including transect poolings and i ndivi dual
tissue plot station replicates, and 6 GC2/MS analyses.

3.4.3.1 Bay 9

3.4.3.1a Q1 Concentrations by uv/F

Macoma bivalves display different trends in oil accumu-
lation than either Mya truncata or Serripes groenlandicus.
Results from Bay 9 denonstrate this difference. Concen-
trations of oil at the tine of the prespill sanpling were
0.73 (.33, 1.2) ug/9: first post-spill, 75 (36, 150) ug/9 angd
second post-spill 836 (610, 1140) wng/g. This pattern, i.e.,
low initial uptake followed by |onger term acquisition of oil
is found in all bays for this species of clam One possible
expl anation is a difference in feeding nmechani sns between
Mya and Serripes (filter feeders) and Macoma, a deposit
feeder. Various species of clanms may al so respond to the
initial shock of oil differently; perhaps Macama slows its
punpi ng considerably in the presence of a large water colum
| oadi ng of oil and discontinues feeding for a period of
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ime, Whereas the Mya clamis not as sensitive, continues
feedi ng, and hence acquires high levels of oil by the first
pre-spill sanpling (see Figures 3-103 and 3-104).

3.4.3.1b G| Conposition by 6?2

The pre-spill sanples are devoid of any traces of petro-
| eum as was al so the case for other species. The f2 fraction
does, however, contain an assenblage of olefinic clusters
which are a unique characteristic of this species of deposit
feeder. The presence of these olefins (also found in surface
sedi nents) obscures the phenant hrene/ di benzot hi ophene region
of the GC'trace so Gc2/Ms (see next section) is required
to examne the aromatic distributions. That these organisns
feed on surface detritus is confirned by these olefins and
by the odd-chai n predom nance of alkanes in the Cy5-C3; region
as nmeasured by the carbon preference index (CPI)in prespill
Macoma (~3.0). As oil is ingested, the CPl approaches that
for oil (i.e., 1.0) but never loses a slight odd carbon
preference (CPI = 1.1-1.3).

In the first post-spill sanpling (August 28), oilis
detected in the Maconm tissues, but at low |levels. Note
t hough that an odd/even predom nance still exists in the
one-day saturate fraction (CpI=1.3). At tw weeks the CP
equals 1.0 and the GC'saturate trace reflects the presence
of a large anount of oil (650 ppm).

The ratio of n-Cjg to phytane (18/phy) can be used as
a biodegration indicator rather than the aALXK/1SO due to the
| arge natural abundance of pristane in the Macoma sanpl es.
Between the initial oiling and the two-week sanpling tinme
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onlya nodest reduction in the 18/phy ratio is noted (1.7 to
0.83). This contrasts with Mya and Serripes results which
illustrated a significant in vivo degradation of the n-al kanes
of assimlated oil in the one-day to two-week interval. The

| esser inportance of this apparent degradation in Macona

could very well be a result of a continual uptake of oil
fromthe sedinent after an initial water colum inpact, or

to lack of the required microfloral population in the gut of

t he ani nal .

The f2 GC'traces continue to be dominated by the
olefinic clusters through the two-week sanpling, but the
appearance of a broad range of aronatic hydrocarbons does
becone evident in the GC'trace.

3.4.3.1c Aromatic Hydrocarbon Composition by GC2/MS

Aromatic hydrocarbon data from Gc2/Ms anal yses of a
one-day and two-week conposite sanples indicate that there
is no basic difference in the aromatic hydrocarbon assemblage
between the two ti me periods. A full range of the mgjor
two- and three-ring aromatic, hydrocarbons, (naphthalenes,
phenant hrenes), and the inportant aronatic heterocyclic
series (dibenzothiophenes), were found (Figure 3-105).
Concentrations of all aromatics increased between the initial
(one-day) and two-week sanplings owing to an increase in total
oil assimlated. Virtually no conpositional changes were
observed, with the two-week sanples containing sizeable
quantities (0.5 ppm of total naphthal ene conpounds (Co-Ca)
and nuch el evated phenant hrene (Cg-Cg) (~2 ppn) and
di benzot hi ophene (Co-C3) (3 ppm |evels.
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3.4.3.2 Bay 10

3.432a 0il Concentrations by WUV F

Bay 10 has consistently contained the highest concen-
trations of oil inclams conpared to the other three bays
perhaps due to the timng of the first post-spill sanpling.
Macoma pre-spill concentrations for this bay were 2.1 (1.0,

3.6) ug/g; first day post-spill concentrations were higher (406
[ 241, 6801 ug/g) than Bay 9 levels, and remained at 440 (250,
760) ug/g during the second post-spill sanpling (statistically

equal to the first postspill). These data still support a
different accunulation nmethod for Macoma as opposed to the two
earlier species of clams. As the first post-spill sanpling at

Bay 10 was |later than that for Bay 9 it is entirely plau-
sible that the initial concentration differences between
Bays 9 and 10 are due to this time difference (see Fig-
ures 3-103 and 3-106).

3.4.3.2b 0il Composition by GC2

Gc2 profiles of the Bay 10 Macoma sanples were simlar
tothose from Bay 9. An inportant exception was the apparent
greater extent of biodegradation of the Bay 10 two-week
sanpl es conpared with the Bay 9 set, reflected by a greater
relative inportance of the isoprenoids conpared to the alkanes
(18 /phy=0.66). Otherwise, the Bay 9 and 10 GCprofiles are
very simlar, including the CPI values greater than 1, indi-
cating a continued terrigenous biogenic n-alkane infl uence.
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3.4.3.3 Bay 7

3.4.3.3a O Concentrations by uv/r

Pre-spill clans contained 1.0 (.88, 1.2) ug/g “oi

equi val ents”; first post-spill clams oil concentrations rose
to 82 (60, 112) ug/g9; and second post-spill clanms contained
the statistically equivalent 86 (39, 190) ng/g oil. This

pattern is again typical of the Macoma clam except at nuch

| ower |evels than observed in Bays 9 or 10. The lack of
increase of oil in Bay 7 animals beyond ~60 ppmis probably
due to a lack of sedinment contamnation in Bay 7 (see Figure
3-103 and 3-107), and suggests then, that the |levels of oil
found in Bays 9 and 10 reflect a continued accunul ation of oil
from sedi ments in Bays 9 and 10.

3.4.3.3b 0il Conposition by 6?2

Level s of assim|ated hydrocarbons were |ower at Bay 7
than at Bay 9 or 10during both sanpling periods. The one-day

(actually five days post-spill) GCprofiles indicated that
Macoma from Bay 7 did acquire low levels of undegraded oil,
and show a distinct odd/even preference (cpi=1.3). The
aromati c hydrocarbon GC profiles continued to be totally
domi nated by the olefinic clusters. The two-week (Septem
ber 11) sanple illustrated marked bi odegradati on and weat her -
ing of the acquired oil (18/phy=0.4) and no change in CPI

bet ween Septenber 1 - 11, indicating that Bay 7 Macoma were
no |onger acquiring additional oil, unlike the Bay 9 and 10
situations.
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3.4.3.3c Aromatic Hydrocarbon Composition by GC2/Ms

The GC2/Ms anal ytical results for aromatic hydro-
carbons in Bay 7 Macoma (Figure 3-108) indicate that only
smal | quantities of a highly weathered aromatic assemblage
(i.e., predominantly hi ghly alkylated phenanthrenes and
di benzot hi ophenes) are detected only in the two-week sanples.
Less than 100 ppb of phenanthrenes and | ess than 50 ppb of
di benzot hi ophenes are detected in these sanples, a nuch
smal | er chem cal inpact than that observed at any of the other
bays.

3.4.3.4 Bay 11

3.4.34a 0il Concentrations by UV/F

Pre-spill oil concentrations found in Macona were
2.5 (.05, 10) ug/g; first post-spill concentrations avera9ed
24 (14, 42) ug/g and second post-spill concentrations increased
to 246 (76, 790) ug/g oil in the clams. The high second
post-spill concentrations probably reflect both the del ayed
influx of oil to the Bay 11 benthos and Macoma's oil accunu-
lation patterns (i.e., slowinitial uptake followed by increased
oi| accurmulation with time). The first post-spill increase in
oil (and in Nuculana; see next Section 3.4.4) closely reflects
the post-surface spill (Bay 11) pre-dispersed oil spil
(Bays 9 and 10) benthic inpact at Bay 11 (see Figure 3-103
and 3-109).
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3.4.3.4b G| Compositions by GC2

No detectable petrol eum conponents were found by GC
in the “one-day” (actually two-day; September 21) sanples from
Bay 11, the Gc4 profiles reflecting the purely biogenic
inputs in both the f ,and f2 fractions (Cpr=1.94). Ol
was detected in the “two-week” (Septenber 11=3 week) sanpl es,
yielding a GCprofile alnobst identical to two-week sanples
observed in the other bays. The two-week CPl reflected this
petrol eum input (=1.00) as did the |arge abundance of normal
and branched alkanes.

3.4.3.4c Aronmatic Hydrocarbon Conposition by Gc2/ms

Detailed scrutiny of the Bay 11 aromatics indicated sone
uni que trends (Figure 3-108). First, although whole oil was
not detected in the initial (two-day) sanples, the presence of
t he naphthalene series and phenanthrene itself indicate that
prior to whole oil uptake by Macoma in Bay 11, the water-
sol ubl e aromatics were introduced to the benthic system and
were acquired by Maconma at a 2s0ppb (total naphthalene) | evel
prior to the dispersed oil spill in Bay 9  Subsequently, the
oil inmpact at Bay 11 from beach erosion is reveal ed through
t he hi gh abundance of the phenanthrene and di benzot hi ophene
compound series (~550 and 700 ppb, respectively). Not e t hat
the two-week sanples do not contain any naphthalenes While the
one-day sanples contain no di benzot hi ophenes.  Thus, the
aromatic conpositions reflect a change in the nature of the
petrol eum conponents available to the Bay 11 benthos during
the three week post-spill period.
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3. 435 UV/F VS. GC Anal ysis

Li near regression analysis of Micona UV/F wei ghted
averages versus GC2 strata data is simlar to Serripes,
Figure 3.110. The large y-intercept of -100.3 reflects the
biogenic assenbl ages neasured in the resolved f2 GC2 frac-
tion, which are not seen by uv/F. Indeed, if UV/F data is
conpared to the f, + unresolved f2 GC2 val ues, the slope
remai ns essentially the same (1.34) and the y-intercept
increases to 54.0, reflecting the drop in background.

344 Astarte borealis

3.4.4.1 Bav 9

3.4.4.1a QO Concentrations by uvv/r

UvV/F data (Figures 3-111 and 3-112) indicate that the
sane pattern found earlier with Mya and Serripes is also
characteristic of the Astarte clans. Pre-spill concentra-
tions were 0.81 (.44, 1.3) ug/g; first postspill concentrations

increased to 463 (270, 800) ng/g, simlar to the Serripes
results fromTransect 1. The second post-spill concentrations

dropped to 171 (88, 330) wug/g of oil.

3.4.4.1.b0il Composition by GC’

CCprofiles of Astarte from Bay 9 show that after

initial accunulation of noderately weathered oil
(Figure 3.113), mcrobial degradation proceeds very rapidly,
resulting in a near total depletion of n-alkanes | ess than
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n-Cog and a resultant change in the ALK/ISO ratio from

2.0 to 0.15 (i.e., the preferential loss of n-alkanes versus
isoprenoids) . Initially, the saturated hydrocarbon concen-
tration represented 78 percent of the total accumulated oil
This percentage decreased ,presumably due in a large part to
in vivo microbially nedi ated degradation, to approximtely
50 percent in the second post-spill sanmpling. The oil
initially taken up by Bay 9 Astarte appears to be depl eted
in the | ower nolecular weight alkanes (<n-Cy4) relative to
the oil acquired by Bay 9 Mya and Serripes, the latter oi
considerably “richer” in the n-Cg to n-Cy4 (see Figures 3.75
and 3.90). Furthernmore, the aromatic profiles (Figure 3.114)
indicate that the oil accunulated initially by Astarte is

al so depleted in [ight aromatics conpared with Mya and
Serripes (Ssee Figure 3.76).

A significant assenblage of n-Cyg to n-C3g n-alkanes
persist in the Astarte tissues nuch |ike Serripes, but unlike

Mya.

3.4.4.1.c Aromatic Hydrocarbon Conposition by Gc2/ms

Two sanple conposites were analyzed for their detailed

aromatic hydrocarbon profiles (Figure 3.115). Results from
the first post-spill sanple indicate that in the first day
followng the spill significant quantities of naphthalenes

are accunul ated along with the other aromatic famlies. In
the two weeks following this initial sanpling, naphthal ene

| evel s decrease yet phenanthrene and di benzot hi ophene series
level s remain relatively constant. After two weeks, the
concentration of phenanthrenes is roughly egual to 2.9 ppm
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Figure 3.114. Aromatic Hydrocarbon Gc2 profiles of Astarte sample composite from Bay 9.
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Figure 3.115. Astarte Aromatic Profiles (Bays 9 and 10).
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di benzot hi ophenes equal to 3.3 ppm and naphthalenes equal
to 1 ppm These levels are higher than those in either Mya
or Serripes, although on a gross basis, oil levels in
Serripes and Astarte are simlar during both sanpling
periods. Thus, Astarte behaves nuch like Serripes vis-a-vis
extended retention of phenanthrene and di benzoti ophene
conpounds in spite of significant naphthalene and gross oil
|l evel deputation.

3.4.4.2 Bay 10

3.4.4.2a 0il Concentrations by UV/F

G| equivalents concentrations in Astarte for pre-spill
sanples are predictably low 0.43 (.25, .64) ug/g. The first

post-spill concentrations are again simlar to Serripes,
364 (320, 410) wg/g, and second post-spill decreased only
slightly to 310 (210, 460) ng/g oil. Astarte clams in this

bay did not appear to clear oil fromtissue as readily as
Adarte in Bay 9, or Mya or Serripes clams in Bay 10 (see
Figure 3-111 and 3-116).

3.4.4.2b G| Conposition by G¢*

CCresults for Bay 10 are sinmilar to the Bay 9 conpo-
sitional results with two exceptions. Firstly, although
t he degradation of n-alkanes iS again apparent, the rate of
degradation in Bay 10 animals appears greater. The ALK/ISO
ratio in the first post-spill (Septenber 1) Bay 10 aninals
was 1.3 conpared with 2.0 for Bay 9, thus indicating the
advanced state of degradation in Bay 10 animals. The second
post-spill (Septenber 11) ALK/ISO ratio was 0.13, quite
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similar to the Bay 9result. This difference in Bay 9 and
10 animals is probably due to the fact that Bay 10 animals
were sanpled 4 days after the spill, while Bay 9 was sanpl ed
one day after. Thus, we see degradation proceeding during
the first several days, being nearly complete (i.e., l0ss of
n-al kanes | ess than n-C2g) in two weeks. As in Bay 9, the
n-C2] t0 n-C34 alkanes persist as a distinct chromatographic
feature.

Secondly, while Bay 9 concentrations decreased with
time, the Bay 10 GC-determined overall concentration of
oil remained el evated over two weeks. Over tinme, the
pristane/ phytane ratio increased in both Bay 9 and 10, ow ng
presumably to inputs of biogenic pristane rather than to
preferential degradation of phytane.

3.4.42c Aromati ¢ Hydrocarbon Conposition by GC2/MS

The Bay 10 aromatic hydrocarbon determ nations (Fig-
ure 3.115) again indicate the substantial initial oil input
to Astarte followed by two-fold decreases in naphthalene
conmpound | evels and significantly |esser deputation of the
other aromatic series. Residual aromatic |levels in the

second post-spill animals fromBay 10 are twice as high as
the conparable Bay 9 animals. These results parallel the
absolute oil level results (Figure 3.116), which indicate
that between the first and second post-spill sanplings

little deputation of oil fromBay 10 animals was observed.
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3.4. 4.3 Bay 7

3.4.4.3a QO Concentrations by UV/F

Astarte 0il equival ents concentrations were 2.2 (.38,
6.4) ug/g pre-spill, 51 (12, 210) wug/g during the first
sanpling, and 56 (31, 140) ug/g during the second sanpling
(see Figures 3-111 and 3-117).

3.4.43b 0il Conposition by GC

Moderate concentrations of oil (approximately 100 ppm
were acquired by Bay 7 Astarte, concentrations that remained
stabl e over the first two weeks after the spill. At the tine
of initial sanpling (Septenber 1-3), oil residues in Bay 7
animal s were well degraded (ALK/ISO = 0.2) and wel| depleted
in light aromatics. Thus, a greatly accelerated in vivo
m crobial degradation is confirned for Astarte versus the
other bivalves in that initial oil residues fromBay 7 Mya,
Serripes, etc. initially contained substantial n-alkane
character in the Cya-C2¢ region. That the extent of mcro-
bial nodification of oil in Bay 7 is much greater than the
Bay 10 animals al so sanpled on Septenber 1 may be related to
the overall levels of acquired petroleum (vs. higher |evels
in Bay 9 and 10). Nevertheless, Astarte bivalves are capable
of nore rapid in vivo mcrobial degradation than the other
speci es studi ed.

3.4.4.4c Aromatic Hydrocarbon Conposition by GC2/MS

The Bay 7 Gc2/mMs results (Figure 3.118) agree quite
well with the Mya (Figure 3.83) and Serripes (Figure 3.97)
results in that the two-week oil residuals are characterized
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Figure 3.117, Concentrations of Oil in Astarte borealis, Bay 7 by UV/F{ug/g).
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Figure 3.118. Astarte Aromatic Profiles (Bays 7 and 11).
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| argely by phenanthrene series (0.4 ppm) and di benzot hi ophene
series (0.5 ppm) conpounds. No naphthal ene conpounds are
observed in the two-week sanples probably owing to | ow
initial uptake of these water-soluble aromatics, as was the
case with Mya and Serripes from Bay 7.

3.4.4.4 Bay 11

3.4.44a Q1 Concentrations by UV/F

Bay 11 clams again contained 0.47 (.13, .92) ug/g of oil
equivalents before the surface 0il spill, a level of 2.7 (2.2,
34)ug/g during the first post-spill, and then an increase
to 140 (50, 390)ug/g oil by the second post-spill sanpling.
This is the faniliar pattern seen in all clams for Bay 11 (see
Figures 3-111 and 3-119).

3.4.4.4b Gl Conposition by GC

The one-day post-spill (i.e., surface oil spill - 8/19)
animals from Bay 11 were devoid of any detectable petrol eum
The second post-spill aninmals exhibit a GCpattern very

simlar to that for Serripes (Figure 3.99) illustrating the
predom nance of isoprenoids in the n-C33 to n-Cig range,
t he persistence of n-alkanes iNn the n-C2) to n-C34 region,

and the substantial UCMdistribution. |ndeed the second
post-spill animals are 88 percent conprised of UCM materi al
Aromatic GC'traces illustrate the alkylated phenant hrene/

di benzot hi ophene predoni nance in the GC'traces.
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3.4.4.4C Aromatic Hydrocarbon Composition by GC2/MS

The second post-spill sanpling fromBay 11 illustrated
the simlar trends as for Mya, Serripes, and Macoma; i.e. , a
napht hal ene-depl eted aromatic hydrocarbon assenbl age charac-
terized by alkylated phenanthrene (1.2 ppn) and alkylated
di benzot hi ophene (1.5 ppm conpounds (Figure 3.118). Level s
of aromatics in Bay 11 aninmals are considerably higher than
the Bay 11 Macoma and Mya sanpled at the sanme tine, but
simlar to Serripes levels (see Figure 3.97 botton).

3.4.45 UV/F vs. GC Anal ysi s

Li near regression analysis of Astarte uv/F data versus
GCdata is quite reasonable, Figure 3.120, with m ninal
background contribution by GCor uv/F. Individual tissue
plot stations show that Uv/F neasurenents were |ow for the
respective values determined by GCin two of three stations.
The station off the graph also contained an inexplicably
high f2 fraction concentration.

3.4.5 Nuculana m nuta

uv/F and GC anal yses were perforned on 12 sanpl es of
this species. Gc2/ms anal yses were conducted on 2 sanpl es.

3.4.5a Q| Concentrations by UV/F (All Bays)

Nuculana sp. clanms were anal yzed by stratum poolings
rather than by each of five tissue plot stations wthin a
stratum due to the scarcity of these clans found in the
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Figure 3,120. Regression of Astarte UV/F vs GC2 Data.
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four bays. Pre-spill concentrations were simlar in each
bay, ranging from1.1 to 1.5 ug/g. Uptake patterns for each
bay parallel those denonstrated by Macoma rather than for
the filter feeding Mya and Serripes. Bay 9 first post-spil
clams contained 33.0 ug/g of oil and increased to 616 ug/g
of oil during the second post-spill sanpling. Bay 10 first

post-spill animls contained the highest Nuculana |evels,
442 ug/g of oil and decreased slightly to 337 ug/g by the
second post-spill. Bay 7 clanms initially accunulated 41.2 ng/g

of oil during the first post-spill period (O3 days) and
increased to 87.3 ug/g during the subsequent two weeks (i.e. ,
second post-spill). Bay 11 contained 11.3 ng/g of oil at
the time of the first sanpling and increased to 429 ug/g of
oil by the second post-spill. This pattern, again, was
found with Macoma (see Figures 3-103 and 3-121 to 3-124).

3.45b 0il Conpositions by Gc2(all Bays)

GC profiles resenble those for Macoma. The conposi -
tion of the oil initially acquired by Nuculana either at the
30 ppmlevel in Bay 9 or the 440 ppmlevel in Bay 10 is a
slightly biodegraded oil (18/phy = 0.9 @ Bay 10; 1.7 @

Bay 9; = 0.6 Bay 7) with a CPI (1.3) influenced by odd carbon
terri genous n-alkanes. The second post-spill sanplings

i ndicate further biodegradation (18/phy = 0.25; Bay 9) of
accunul ated oil residues. The oil residues found in Bay 11
Nuculana in the second post-spill sanpling is well biodegraded
(18/phy = 0.2). A typical saturated hydrocarbon sequence is
illustrated for Bay 10 in Figure 3-125.
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3.4.5¢ Aromatic Hydrocarbon Composition by GCZ/MS

Two samples of Nuculana (Bay 9 and Bay 11, second post
spill) were analyzed by cc2/Ms (Figure 3.126). The Bay 9
sanpl e contained sizable quantities of all aromatic hydro-
carbon conpounds (except alkylated benzenes), thus indicating
either lack of preferential deputation of naphthalenes in
contrast to results for the other species, oruptake of
unweat hered oil from contam nated sedi nents. In view of the
fact that sedinment aromatic profiles do not reveal abundant
naphthalene conpounds, the forner explanation is favored.

Bay 11 Nuculana profiles, on the other hand, do not
show any naphthalene conpounds in tissues. This is con-
sistent with the probable transport of oil to the Bay 11
benthos via beach erosion wherein naphthalenes are presumably
solubilized and thus renoved from the bul k sedi nment-bound
oil. These Bay 11 results are consistent with second
post-spill Macoma, Serripes, and Mya results. Absolute
levels in Bay 11 aromatics in Nuculana are simlar to those
in Mya and Macoma, but are |ess than those in Serripes and
Astarte.

3.4.5d uv/F VS. GC Anal ysis

In this species, linear regression analysis (Fig. 3127
denonstrates the added sensitivity obtained by GCfor
sanmples with mniml available tissue (slope = 0.84). The

y-intercept of -40.4 again reflects nost likely a biogenic
background observable by GC. No individual tissue plot
stations are available as this scarce clam was anal yzed by
stratum only.
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OIL CONCENT® ATION BY UV/F (ug/g)

800 =

700 -

600

500=

400 -

300-

200-

loo-

UV/F vs GC
Uv=0.84GC—40.4
R=0.74

i 1 1 1 i ]
100 200 300 400 500 600 700
OIL CONCENTRATION BY GC*{ug/g)

Figure 3.127. Regression of MucufanaUV/F vs GC2 Data.
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346 Results by Bay (Table 3-24)

3.4.6.1 Bav_9

Prespill hydrocarbon concentrations in Bay 9 for al
five species of bivalves range from0.35 ng/g to 1.3 ug/g.
First postspill accunul ation of oil depends primarily upon
upon the assimlation pattern of the species of clam collected.

Along the offshore stratum (7m), Serripes and Astarte
bot h accunul ated ~500 ng/g of oil within 1 day of the
di spersed oil spill. Mya contained ~120 ug/g of oil al ong
the 7m stratum and ~215 ug/g of oil along the 3m stratum
Macoma and Nuculana follow the second assimlation pattern
(i.e., lower initial uptake) containing ~75 ug/gm and
33 ng/g oil, respectively, by the first post-spill.

The second post-spill oil concentrations show a consi st-
ent decrease in the Mya, Serripes, and Astarte animals, to
~130ug/goilfor all species. On the other hand, concentra-
tions of oil increase in the Macoma and Nuculana clams which

contain the highest amounts of oil measured in Bay 9 animals:
836 ug/g and 615 ug/g, respectively. Note that the deposit
feeders continue to acquire oil while the filter feeders
decrease. This clearly denobnstrates that a particul ar species
feedi ng and punping habits and its response to high concentra-
tions of oil in the water need to be considered if one is to
accurately describe the spill inpact on the bay.

3.4.6.2 Bay 10

Bay 10 pre-spill hydrocarbon concentrations are also
low, ranging fromO0.43 ug/g to 1.4 ug/g for all species.
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TABLE 3-24

SUVMARY OF O L CONCENTRATI ONS'I N Tl SSUES BY BAY
(in pg/g dry wei ght)

BAY 9 BAY 10
FI RST SECOND FI RST SECOND
SPECI ES STRATUM PRE-SPILL POST- SPI LL POST- SPI LL PRE-SPILL POST- SPI LL POST- SPI LL
Mya truncata m 0. 35 121 114 0.57 277 157
(.22, .49) (51, 290) (90, 140) (.42, .74) (180, 420) (110, 230)
3m 0. 40 215 135 0.78 368 131
(.25, .56) (130, 350) (120, 150) (.55, 1.0) (290, 460) (96, 178)
Serripes groenlandicus m 186 97 329 141
(110, 330) (59, 160) (240, 460) (110, 180)
-3m 160 - 698 177
airlift (120, 210) (500, 970)
8 m  0.68 482 116 1.4 278 149
:? (-.02, 1.9) (340, 680) (69, 190) (.40, 3.0) (220, 350) (130, 170)
Macoma calcarea 7m 73 75 836 2.1 406 440
(.33, 1.2) (36, 150) (610, 1140) (1.0, 3.6) (241, 680) (250, 760)
3m
Astarte borealis m 0.81 463 171 0.43 364 310
(.44, 1.3) (270, 800) (88, 330) (.25, .64) (320, 410) (210, 460)
3m
Nuculana minuta 7m 1.3 33.0 615.6 1.4 441.5 336.7
3m

8Geometricmean (| OWer 95% confidence limit, upper 95% confidence limt)




TABLE 3-24 ( CONT. )
BAY 7 BAY 11
FI RST SECOND FI RST SECOND
SPECI ES STRATUM  PRE-SPILL  POST-SPILL PCST- SPI LL PRE-SPILL  POST-SPILL PCST- SPI LL
Mya truncata Tm 0.34 114 47 0.43 2.0 93
(.21, 4.8) (64, 210) (31, 70) (.33, .53) (1.2, 3.1) (73, 120)
3la
Serripes groenlandicus Tm
_3m
airlift
m 1.2 517 73 1.6 6.0 394
(1.2, 1.3) (360, 750) (31, 170) (.19, 41) (200, 780)
b oo o e eeeeeeecin o ememmemmn e een e e e e e
3
| Macoma calcarea Tm 1.0 82 85 2.5 24 246
(.88, 1.2) (60, 112) (39, 190) (.05, 10) (14, 42) (76, 790)
3m N
Astarte borealis Tm 2.2 51 56 0.47 2.7 140
(.38, 6.4) (12, 210) (31, 140) (.31, .92) (2.2, 3.4) (50, 390)
3m
Nuculana minuta Tm 1.2 41.2 87. 1.1 11.3 428.9
3m
3Geometric mean (|l ower 95%confidence linmt, upper 95% confidence linit).




The bival ves generally contain nore oil in the 3m stratum
(inshore), but only for Serripes is the increase signifi-
cantly different between strata. Except for Nuculana, all
speci es follow the accunul ation patterns described for Bay 9.
Wthin the 7m stratum Ma and Serripes contain, on the

average, 280 wg/g and 300 wg/g of oil respectively by the
first post-spill sanpling, and these concentrations drop
asdeputation proceeds to 160 ug/g and 145 ug/g of oil after

2 weeks. wWithin the 3m stratum, these two species contain
370ug/g and 700 wg/g of oil respectively, which drops to

130 ug/g and 150 ug/g of oil by the second postspill, reflect-
ing the transient nature of a wide range (400-700 ppm) of ini-
tially acquired oil. Astarte initially acquired a conparable
360 wg/g concentration of oil, which then was naintained at
310ug/g through the second postspill. Macoma contains nore
oil when first sanpled in this bay than in Bay 9. However,

Bay .0wWas sanpled three days |later for Macoma than Bay 9,
thereby giving the deposit feeders nore time for oil acquisi-
tion. Nuculana appeared to behave differently in Bay 10 as
conpared to all other bays, having acquired a |arge amunt of
0il (440 wg/g) initially, which then decreases to 340 ug/g

of oil in the second post-spill sanpling. However, the sanples
were obtained three days later in Bay 10 than in Bay 9.

Ma clamswere exposed to and/or acquired nore oil in
Bay 10 than Bay 9. Serripes also acquired nore oil in
Bay 10. This increased Bay 10 accunul ati on was observed
despite the fact that Mya and Serripes were sanpled 1-2 days
later in Bay 10 than in Bay 9. (These bival ves depurate with
time rather than increase their body burdens as do the deposit
feeders). As was observed in Bay 9, the deposit feeders

Macoma and Nuculana do not illustrate marked deputation
between the first and second post-spill sanmpling. However,

Astarte shows no inclination to depurate accumulated oil as
was observed in Bay 9.
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3.4.6.3 Bav 7

Bay 7 was designated the “control” bay. Pre-spill
concentrations are equivalent to the other three bays.
First post-spill values (August 31 or Septenber 1), though,
show that oil did enter into the bay, and values for al
species other than Serripes are lower in Bay 7 than in 9 or
10. The large initial Serripes accunulation is an enignma
whi ch requires laboratory verification studies. Note that
as the sedinments of Bay 7 are “clean,” Macoma, Astarte, and
Nuculana values are roughly invariant with tinme, indicating
that levels of oil in these animals are a product of initia
accurul ation fromthe water colum only and that even the
deposit feeders are influenced to a degree by water-borne oil

3.4.6.4 Bay 11

Bay 11 results reflect the differences in oil behavior
between the dispersed oil spill Aug. 27, 1981 (Bays 9 and 10)

and the surface oil spill, Aug. 19, 1981 (Bay 11). Pre-spill
concentrations for all clams are at background levels, as are
nost of the first post-spill oil concentrations (collected

August 25) suggesting that oil had not yet been transported
into the benthic environnent. Macona and Nuculana, the
deposit feeders, do appear to be acquiring oil during the
August 19-25 period, thus reflecting that transport of oil to
the benthos of Bay 11 begins in this tinme frame. Sediments
sanpl ed on August 21 did not contain detectable |evels of

oil. The second post-spill sanpling (Septenber 11) clearly
indicates that oil is present in all species of clans, ranging
from 93 ug/gm (Mya) to 400 ug/gm (Nuculana and Serripes).
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3.4.7 statistical Methodology for the Conparison of Benthic
Ani mal Data

Concentrations of petroleum were neasured in five
speci es of benthic animals collected fromfive fixed sites
(tissue plots) located along two depth strata in four
experinental bays. Animals were collected during prespill,
first postspill, and second postspill tinme periods. (Details
of sanpling were described in Section 2.1.) Depending on
t he abundance of a particular species and the nature of the
sampling, 12 to 18 sanple groups each containing one to five
observations result.

As described for the sedinents in Section 3.2.7, the
concentrations of petroleum neasured by UV/F expressed in
ng/g dry weight were used for the analysis. Since the
vari ances were found to be heterogeneous within a species,
the data were transformed using the log transformation, Z =
LN (Xi + 1). The transformation reduced butdid not
renove all of the heterogeneity. The log transforned data
sets were used in all statistical calculations. The neans
and 95% confidence intervals for each data group were
cal cul ated and the sanple groups were tested for statis-
tically di fferent neans using the nethods described for
the sediments. Summaries of the statistical data and com
pari sons of the benthic aninmal data appear in Appendix A

3.4.8 Ti ssue Intercalibration Results (ERCO Results)

Four samples were prepared for purposes of intercali-
brating analytical activities betwen ERCO and cws. These
included one post-spill tissue homogenate (urchin), a Mya
extract spiked with oil, an oiledurchin extract, and an
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oi | -spi ked hexane sanple. The honbgenate and two spiked
extracts were anal yzed by uv/F and GC'in duplicate and
three Gc2/Ms anal yses were performed. The ERCO results are
presented in Table 3-25. A conparison of intercalibration
data is available from R Englehardt (D AND, Otawa).
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TABLE 3-25
| NTERCALI BRATI ON RESULTS

1 2 3 4
(spi ked ( spiked (oil
(urchin mya urchin spi ked
honbgenate)  extract) extract) hexane)
A A B A B A
Cone (uv)a 218.0 21.2 20.8 9.4 11.7 27.5
(act ual 29.2 20.7 34.1
concentra-
tion)b
Al kanes*
Cia .81 .07 .08 .03 .03 .16
Cis 1.5 15 .27 12 11 .18
Cig 1.7 .13 .13 .06 .06 19
C 2.1 .19 .20 .08 .06 .19
PHS 7.2 .37 .37 1.7 1.6 .08
Cis 1.5 .13 .14 .07 .07 17
PHY .93 .08 .08 .04 .04 11
Cig 1.9 .15 15 .07 .07 .14
Coo 1.6 12 .13 .06 .06 .16
<o 5 .95 .18 .20 .07 .08 .09
<o 7 75 21 24 .06 .08 .07
Aromati cs®
Napht hal ene nd - 2.5 nd
CiN nd T 1.8 nd
C]ZN 130 - 12.3 7.6
C 3N 210 - - 18.5 9.5
C 4N 160 - 9.3 3.8
Fluorene nd - nd nd
CiF nd nd nd
C2F 30 T 3.1 nd
C3F 90 o 3.1 nd
Dibenzo-
t hi ophene 60 - 1.6 nd
CyDBT 120 - 12.3 3.8
C 7DBT 260 - 21.5 5.7
¢ 3DBT 220 - 24.6 5.7
Phenan-
t hrene 90 - 4.6 1.9
CyP 140 T 12.3 3.8
CoP 240 T - 13.8 3.8
Fluoran-
t hene 330 -- 4.6 - nd
Pyrene 410 T 6.2 - - nd

a,csample 1ug/g
Sample 2,3,4 ng/ml
bEnglehardt, personal communication.
dsample l rig/g
Sample 2,3,4 ng/ml
nd = less than 1 rig/n
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SECTI ON FOUR

DI SCUSSI ON OF RESULTS ( NEARSHORE STUDY)

The results of the analytical data previously presented
consi derably increase our know edge of the differential fate
and behavior of chem cally dispersed and surface oil.
Furthernore, the transport of oil to the benthos, its route
of transport to benthic organisns (oil acquisition) and the
speci es-specific chemcal nature of biotal oil deputation
are revealed in the wealth of data obtained in this study.
W will discuss sone of the nost inportant observations and
trends here as they pertain to the behavior of oil in the
experiments, and to specific inportant transport paths and
biotal I npacts.

The quantities of oil driven into the water columnasa
result of chemical di spersion are far greater than those
that result fromtransport of untreated surface oil into the
water columm. Concentrations of chemcally dispersed oil
ranged from 1 to greater than 50 ppm (~100 ppm) during the
di spersed oil discharge and for as long as twelve hours
after discharge ceased at sone points in Bay 9. Differential
nmovenment of oil released at different points along the
diffuser resulted in direct northward novenent of oil at
greater depths of release (10 m) and initial southerly
novenment of oil at shallower depths followed by subsequent
reversal of direction and "reinvasion" of Bays 9 and 10four
hours after formal oil/dispersant di scharge ceased. The
di spersed oil plume formed a very stable layer of oil in the
wat er columm for perhaps 6-13 hours after dispersal. Dispersed
oil droplets carried by strong shore currents were advected
for considerable distances without a significant change in the
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conposition of the oil. \Wether this occurred due to the
stability of the small (~10 urn) oil droplets, thus retarding
fractionation (i.e., dissolution or evaporation), or whether
particul ate and dissolved parcels of oil traveled coherently
due to strong advection (0.5 knot currents), is difficult to
ascertain. Results of large volune water sanplings which were
t aken outside of these concentrated plunmes and after the
passage of the highest concentrations indicated that a physical-
chem cal fractionation of hydrocarbon conpounds did occur. It
is, however, quite significant that fresh oil with its full
suite of low nol ecular weight saturated and aromatic conponents
persisted as a coherent plume for considerable periods of tine
(6-13 hours), apparently cut off from evaporative |oss from
either the dissolved state or by advection to the surface.

| ndeed, confirmation of this coherent oil |ayer was made by
fluorescence profiling and by discrete sanpling, sometimes
indicatingatenfold increase in water-borne oil concentrations
within a water |ayer sandw ched by |ower concentrations of

nore highly weathered oil. The persistence of |ow nolecular
weightsaturates(Cg-Cjg alkanes) and alkylated benzenes

and naphthalenes in the plume in simlar proportion to the
total petroleumin the neat oil was unexpected. Surely the
subsurface rel ease of dispersed oil accounted for this. A
surface release followed by application of chem cal dispersants
woul d have allowed sone |loss of light aromatics to occur by
evapor at i on.

The very striking simlarity between the BIOS dispersed
oi | plume behavior and that observed in the Ixtoc I spill
(Boehm and Fiest, 1982; Walter and Proni, 1980) is of no small
i mportance. A subsurface release of oil that creates snal
oil droplets either through shear (Ixtoc) or through stabili -
zation through chem cal dispersion (BIOS) with resulting
droplets advected by strong currents, results in subsurface

-304-



coherent plumes of unweathered fresh oil wth a full contingent
of toxic aromatics. The similarities between the two events
is also striking given the 25° C water colum tenperature
differential between Gulf of Mexico and Arctic waters. O
course these initial high levels of oil (roughly 10 ppmin the
Ixtoc | and 10 ppm and greater in the BIOS scenarios) wll
eventual |y be reduced through dilution and diffusion even if

t he coherent subsurface plune persists as it did for 20 km or
so in the Ixtoc | spill.

During and after the dispersed oil experinent there was
little evidence for either the | arge scal e beaching of
di spersed oil or the surfacing, in the water colum, of
di spersed oil. However, both phenonmena did occur to mnor
extents and resulted in sone inportant information. Gl that
was found adhering to the Bay 9beach was present at |ow
| evel s (5-10 ppm). The oil had weathered significantly, due
mainly to | osses of |ow nol ecul ar wei ght conponents. Both the
concentration of oil on the beach and its conposition were
nearly identical to those found in the offshore benthic
sedinents inplying a detectable but |ow sorptive affinity of
dispersed oil. Q1| which did appear to have coal esced at the
sea surface was highly weathered through |oss of |ow boiling
saturates and aromatics. The state of weathering of this
surface oil sanpled several hours after initial dispersed oi
di scharge, was equivalent to that of nine day old beached
surface oil (Bay 11). Thus it appears that the coal esced oi
formed after solubles were stripped fromthe oil in the water
colum with the coal esced oil formng froma weathered residue.

Gl did inpact the sedinments of Bays 9 and 10 i medi ately

after the dispersed oil spill where initially a significant
anount of the sedinmented oil (~20%) resided in the surface
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floe. Sedimentation rates were estimated to be in the 2-10
mg/m2/day range. Subsequently, the floe was transported

el sewhere, probably of fshore, because floe fromall bays
sampled in the second post-spill period (Septenber 11) was
free of any detectable oil. Levels of oil in the sedinents,
however, remained elevated (I1-5 ppm) in Bays 9 and 10 and

al though this dosing is considerably |less than a “nassive”
dosing, it will continue to affect benthic biota for an
unknown period of time. The overall sedinment inpact due to
passage of dispersed oil through Bays 9 and 10 was m ni mal,
with less than 1% of the discharged oil probably residing in
the sediment at any tine.

Results fromthe initial sanpling of sedinments indicated
that 80% of the oil detected in the top O3 cmwas not
associated with the floe. This is in contrast to results
fromother spills (e.g., Boehm et al., 1982) and to experi -
mental tank studies (Gearing et al., 1980) in which nost of
the initially sedinent-associated oil was in the floe layer.
What appears to be occurring in the BIOS dispersed oil spill
is alowlevel, direct and rapid penetration of dispersed oil
into the bul k surface sedinent, presunably a process nediated
by the decrease of the oil’s interracial tension due to
chem cal dispersion allowi ng for penetration of the solid
interface and perhaps into interstitial waters. Indeed
chem cal results from polychaete analyses in Bays 9 and 10
(Norstrom and Engelhardt, 1982) revealed an initial uptake of
an alkylated benzene and naphthalene (i.e. , water soluble
fraction) enriched petrol eum hydrocarbon assenbl age in Bays
9 and 10 only, perhaps associated with interstial water
penetration of fractions of the oil.

The Bay 7 “control” did receive 50-100 ppb of dispersed
oil inthe first few days after the discharge. This
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gquantity of oil was neasured directly (Geen et al., 1982)
and was nonitored indirectly through hydrocarbon body burdens
in filter-feeding bivalves (i.e. , Mya, Serripes). Di rect

sedi rent anal yses and indirect evidence from deposit feeding
ani mal s (Macoma, Strongylocentrotus) i ndi cate, however, that
oil inmpact to Bay 7 sedinments was suite mninmal with only
patchy |ow | evel inputs noted. The Bay 7 analytical results
point to an inportant conclusion regarding application

of UV F and GC'techniques to the BIOS study. \Wile
background (by uv/F) levels of “o0il equivalents” in the

sedi nents was ~0.5 ppm many sanples did exhibit post-spill
oil levels of 1.0-1.5 ppm In this concentration range

| evel s were too | ow to unanbiguously yield an oil/no oil

deci sion based on GC. QI levels of ~1.0 ppm woul d

contai n individual conponent concentrations (i.e., n-alkanes)
of ~.01 ppm (or 10ng/g). Due to significant biogenic
background in the GCtraces, this level of individua
conponents was often too low to see in the GC'traces. Thus
Uv/F becones a key to assessing oil concentrations in sedi-
ments. However, in several cases in Bay 7 sedinents, |ow Uv/F
| evel s (~0.3 ppm), generally associated wth background

levels, were shown by GCto contain small anounts of oil.

The weathering of o0il while in transit to Bay 7 with resulting
loss of water SOl ubl e aromatics and a concomtant decrease in
UvV/F response, caused whatever oil was seen in Bay 7 sedinments
tobe relatively enriched in saturates (not detectable by
w/fF) . Thus the two techniques of uv/F and GC proved to be
an extrenely powerful conplenmentary set.

Water-borne oil in Bay 11 was initially confined to the
surface (O-2 neters) layer during which time |arge scale
transport of oil to the benthos via sorption and sinking did
not occur. Through large volune water sanples, |low |evels
(ppb) of oil were detected in md depth and bottom waters
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largely in a particulate form prior to any possible cross

contam nation fromthe dispersed oil spill occurring a week
later. That oil did inpact the sedinment in Bay 11 prior to
the dispersed oil spill is evident from uptake patterns of

all of the benthic animals, especially those of the deposit
feeders Macoma and Nuculana and of the filter-feeder Serripes
which all reveal ed uptake of oil, albeit at lower levels
relative to those which were acquired in the dispersed oil
scenario, prior to any possible cross contam nation from
Bays 9 and 10. W do know that the dispersed oil’s influence
was far ranging including a transient water columm inpact at
Bay 7 causing el evated levels of oil in all benthic biota,
especially the filter feeders Mya and Serripes.  Thus it may
be logical to “subtract” the observed Bay 7 animal levels
fromthe Bay 11 values to derive a “pure” Bay 11 result for
the second post-spill sanmpling. Using this logic it can be
concluded that although low levels of oil are acquired in

Bay 11 by the filter-feeders, the major Bay 11 inpact is to
the deposit feeders who are nore closely linked to the

sedi nents and which acquire weathered oil fromoff of the
beach face.

The nost significant findings of the study concern the
rel ati onship between water-borne |levels of oil, sedinent
concentrations and levels in benthic biota. INitial uptake
of oil by Mya and Serripes is fromthe water columm wherein
oil is acquired through punping of contam nated seawater
through the gills. Mst of this oil initially resides in
the aninal’s gut as confirmed through Serripes dissections.
Chenically, even the initial o0il residues in the gut and
muscle tissue are different. The nore water soluble aromatics
(napththalene, alkylated benzenes) are transported to the
muscle tissues (including gills) nore rapidly, wth the
phenant hrenes and di benzot hophenes preferentially located in
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the gut. During the first two weeks after the spill however,
it is these higher nolecular weight aromatics which persist,
the water soluble aromatics being depurated nore readily.
Initial levels of oil in filter feeders fromBay 7 are

equal or greater than those from Bays 9and 10 where water
colum levels of oil were 20 to 200 tinmes as great. Sedinents
are ruled out as an oil-biotal internmediary due to the near
absence of oil in Bay 7 sedinents. Thus one nust postulate
that while Mya and Serripes from Bays 9 and 10 either cease
punpi ng due to water columm levels or die after initial

accunul ation of oil, animals in |owto-noderately contamn nated
waters continue to punp and acquire oil as long as it is
present in the water. At water columm concentrations

of 50 ug/1 (50 ppb) a clam (1 g dry weight) punping at a

rate of 1 liter per hour would pass 1.2 ng of oil through
its body in 24 hours, nore than enough to acquire a 100-500
ppm concentration. As levels of oil in Bays 9 and 10 were
much higher, 1-50 ppminitially and 100-200 ppb for at | east
aday to a day and a half after cessation of the oil spillage,
opportunities for greater bioaccumulation in Bays 9 and 10
were avail abl e but were probably not achieved due to either
saturation in the gut, an inability to transport oil across

t he nmenbranes fast enough to acquire nmore oil, or a whol esale
cessation of punping.

As Mya and Serripes acquire oil through the water
col um, depurate 60-75% of it in tw weeks tinme, Macoma and
Nuculana acquire oil nostly through the sedinents. Initially
| ow-to-noderate oil levels in animals increase in Bays 9 and
10 where sedinent inpacts are greatest, and in Bay 11 where
of fshore nmovenment of beached oil results in higher initial
(1 day) accunulation of oil than with the filter-feeders and
increasing levels with tine. GCprofiles show evidence
of uptake of oil from sedinment rather than the water colum
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in those species after perhaps an initial (~30-50 ppm water
colum uptake. Bay 9 and 10 deposit feeders continue to take
up oil as evidenced by increasing absolute levels and main-
tenance of a relatively unbiodegraded GC2 profile and a | ow
CPl (i.e., oil domnates terrigenous n-alkanes).

As previously discussed the two oil spill experinments
conducted introduced oil into the nearshore systemin two
distinct manners. The Bay 11 surface oil (untreated) spill
resulted in detectable water-borne oil concentrations only
in the top neter or so of the water colum (Geen et al.

1982). That |low levels of water soluble oil may have
penetrated to the benthos during the first day or so
followng the spill can not be confirmed from direct chem ca
evi dence of water sanples, but may have occurred, causing

the low initial increases in petroleum hydrocarbon |evels

and |l evels of water soluble aronmatics in sone of the filter
feeders (Mya, Serripes, Astarte). That oil did inpact the
Bay 11 benthos as soon as one day after the spillis

i ndi cated by the uptake of oil by Macoma, Pectinaria and
Strongylocentrotus revealed in the inmedi ate post-spill

period. Subsequent benthic inpact of oil in Bay 11 is
clearly indicated in increased sedinent concentrations

(~5 ppnm) as well as by theincreased uptake of oil by the
deposit (detrital) feeders. The oil reaching the benthos
during the 1 day to 3 week post-spill period was weathered due
to evaporation/dissolution as evidenced by the |oss of alkyl-
ated benzene and napthalene conmpounds relative to the spilled
oi l.

The uptake and deputation curves during the first
several days are difficult to reconstruct due to differences
in sanpling tines. For exanple, it is not clear whether
hi gher levels of oil in Serripes in Bay 10 versus Bay 9 were

-310-



due to a conbination of aninmal behavior and water colum
concentration or due to the additional day during which they
acquired oil. Aternatively filter feeders may very well
have “shut down” their punping systens in Bay 9(or were
narcotized or killed outright) due to high water colum

| evel s, while those animals in Bay 10 may have continued to

punp and acquire nore oil. | ndeed this seems to have been
the case in Bay 7. Low levels of oil (50-100 ppb) were
detected in Bay 7 two days after the spill (Geen et al

1982), as were these sanme |levels in Bays 9, 10and at

ot her Ragged Channel |ocations. Bay 7 Serripes were especially
efficient at concentrating oil fromthese |ower water colum
levels with oil residing primarily in the gut initially.

The fact that Serripes and Mya from Bay 7 were probably not
physi ol ogically affected by those |ower |evels of oil

probably resulted in their normal punping of water throughout
the first several days after the spill.

As alike as Mya and Serripes behave vis-a-vis routes of
oil uptake, they differ in the conpositional nature of the
oil which they retain. During the two week post-spill
period of deputation, an in vivo biodegradation presunably
by a m crobial population within the animals guts occurred
to a significant extent. At this point the simlarity
between Mya and Serripes erodes because although on a gross
level both species depurated 0il, on a detailed chem cal
basis Serripes preferentially retained a high nolecular
wei ght saturated hydrocarbon assenbl age as well as the
hi gher alkylated naphthalene, phenathrene and dibenzothio-
phene conpounds. Mya on the other hand depurated al
hydrocarbon conponents although the water soluble alkyl
benzenes and naphthalenes were depurated sonewhat faster.
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Thus as the exposure levels in the water colum
decreased, levels in Mya decreased as well as did the gross
oil levels in Serripes. This plus the fact that whole,
undegraded (mcrobial) oil resided in Bay 11, 9 and 10
sediments without a concomtant increase in concentrations
inoil levels in the filter feeders effectively decouples
sedi mentary sources of hydrocarbons from these ani mals.

This decoupling is accented by the fact that while oil
residues in sedinents were not degraded, residues in the
animals were microbially degraded.

Macoma, Nuculana, Strongylocentrotus and Pectinaria
clearly are influenced by sedinment oil levels nore so than
those in the water colum. Though there is sone indication
that |ow |levels of soluble aronatics in the water were
reflected in early oil conpositions in the deposit feeders,
steady uptake of sedinent-bound oil by this group dom nates.
Thus the lack of detectable sedinment-bound oil in Bay 7
is reflected in nuch | ower petrol eum body burdens in deposit
feeders fromthis bay. Additionally over tw weeks we see
much less of an indication of mcrobial degradation in the Bay
9, 10 and 11 deposit-feeding animals due to the acquisition of
undegraded oil from the sedi ments appearing as a constant
conpositional overprint. Furthernore, those aromatic hydro-
carbon conponents |ongest lived in the sedinents (i.e. |,
alkylated di benzot hi ophene and phenant hrene conmpounds) steadily
increase in the deposit feeders.

Thus the various filter feeders and deposit/detrital
feeders reflect the fate of oil in the systemquite well.
The fact that the polychaete acquires whole oil, dom nated
sonewhat by a water-soluble grouping of alkylated benzenes
and napthalenes, may reflect the association of oil wth
interstitial waters in the upper sedinent colum.
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Paral | el behavior of filter-feeding versus detrital
feedi ng bival ves has recently been noted in an actual spill
(Boehm et al. 1982a). In this study the authors have found
that the benthic-dwelling Macoma balthica was slower to
initially acquire oil than was the filter-feeder Mytilus
edulis which resided in the phytal zone. After beaching and
erosional transport, and/or direct sedinmentation of oil,

t he petrol eum body burden increased in Macoma and only
slowmy decreased as the sedinent |evels dropped. Mytilus,
on the other hand, exposed to a nassive initial amunt of
wat er-borne oil, depurated rapidly and al nost conpletely
over one year's tinme.

During the first two to three weeks after the spills
there was a notable |ack of significant biodegradation of

oil in the water colum and in the sedinents. There is no
chem cal evidence for the existence of biodegradation as a
renoval mechanismwith the short-term post-spill period
@3weeks) either in the water colum or in the sedinment. One

woul d have predicted higher rates of biodegradation in surface
sedi ments, especially in the surface floe, but none was
observed through degradation of the “easily” degraded n-alkanes.
However, degradation of n-alkanes in the oil resulting in the
classic |l oss of n-alkane relative to isoprenoid and other

hi ghly branched alkanes, is observed within Mya and Serripes
and to | esser extents in other benthic species. Rapid degrada-
tion of alkanes only occurs in vivo. \hether or not this

uni que finding can be ascribed to microbiotal popul ations
Wthin the organism itself, a likely mechanism nmust be

i ndependently confirned. We suspect that given an unspecified
anount of time nicrobial populations will begin to utilize

t he hydrocarbons as an energy source (i.e., biodegradation

wi || become nore significant).
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The use of a variety of biological nmonitors or sentine
organisms in the BIOS study has served to both delineate oi
transport paths and changi ng environmental conpartnment
levels with time during the imrediate post-spill (O 3 weeks)
peri od. Furthernmore, this study has shown that although
simlarly behaving aninals (e.g. Mya/Serripes; Macoma/
Strongvlocentrotus) may on a gross |evel appear to
act in concert, the details of in vivo nodifications and
retentions of individual petroleum conponents are quite
different and nmay be intimately associated with long term
bi ol ogi cal effects on the individual benthic species.

One question which persists is what transport processes
may act in the short termto nove oil within the Ragged
Channel system  Evidence fromthe initial post-spill period
does indicate 1) that the oil contamnated floe is a transient
phenormenon, and 2) sedinent concentrations tend to increase
with depth (i.e. , offshore). This inplies that initial
deposition of oil increased with distance offshore and that
subsequent novenent and transport of oil may cause nore of a
benthic inpact farther offshore into Ragged Channel. O
course the nmoverment of sedinent-bound oil in Bay 11 is |inked
to erosion of beached oil as well.

Thus it appears that the experimental spills in 1981
were an unqualified success in that 1) very inportant trends
in Arctic biotal uptake mechani sns and deputation trends
were revealed, 2) the lack of significance of sedinentation
of chemcally dispersed oil was ascertained (<1%, 3) the
rapid penetration of small but significant quantities of
di spersed oil residues into benthic sedinments (below the
floe layer) was established, 4) the coherent subsurface
nmovenment of “fresh” dispersed oil wthout evaporation of
toxi ¢ conponents was observed, 5) the |ack of significant
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bi odegradation in the 3 week post spill period was determ ned,
6) the invivobiotal microbial degradation of o0il was
observed, and 7) the relative retention of three-ringed
alkylated aromati ¢ hydrocarbon and organic sul fur conpounds
in tissues and in sediments was confirned, thus inplying
their use as long termmarkers of the oil in all environnental
conpart ments.
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SECTI ON FI VE

RESULTS (SHORELI NE STUDY)

Samples from four pairs of 1980 oil test plots and
fromten 1981 plots/experinents were analyzed to determ ne
t he detail ed hydrocarbon conposition of the residual oil
di spersed oil, and chemcally treated oils in the plots.

The extent of weathering of the oil was determ ned for each
sample. The 1981 sanples were obtained at time intervals
including imediately followng the initiation of the test
(mixing, di spersant application, etc.) and 8 and 40 days

| ater (see Figures 5-1 and 5-2 and Table 5-1). Surface and
subsurface sanples were taken as part of the resampling of
the 1980 test plots (Figure 5-1 and Table 5-2). Additionally
si x sanples of beached oil fromBay 11 are included as are
six oil sanples fromthe shoreline study.

5.1 Hydr ocar bon Concentrations

A summary of the data on the gross compositional
features (e.g., resolved by Gc2/Frip) and total (i.e., by
microgravimetry) hydrocarbons are presented in Table 5-3
for all of the test plots and for sanples of beached oi
from Ragged Channel Bay 11 (Nearshore Study, surface oil).
Resi dual concentrations in the 1980 backshore test plots
(T-1, T-2, TE-1, TE-2) remain high (10-25 mg/g) after a
year's exposure conpared to ~10-30 mg/g when |ast sanpl ed
in 1980. This indicates that the oil concentrations in the
backshore plots have not changed appreciably with tine.
Additionally, there is only a mnimal difference in oi
concentrations between surface and subsurface beach sedi nent
(no nore than a factor of two decrease fromsurface to
subsurface)
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A. 1980 Exposed (“High-Energy”) Beach Control Plots:H 1 and H2/Bay 102.
B. 1980 Sheltered ('Low-Energy”) Beach Control Plots:L1and L2/Bay103.

C. 1980 Backshore control Plots: T1and T2.
1981 Shoreline Countermeasure Experimental and Test Plots.
D. 1980 Norwegian Backshore Control Plots: TE 1 and TE2.
1981 Norwegian Experimental Plots.
E. Bay 9.
F. Bay 11.

Figure 5.1. Location of Study Beaches.
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TABLE 5-1

SHORELI NE _PLOT | DENTI FI CATI ON CODES

(1981 Experinents)

D(E)C

D(E)E

CE

cC

SE
Sc
D(B)E

D(B)C

Cheni cal Dispersion (Corexit 7664): Aged Crude
Cheri cal Dispersion (Corexit 7664): Emulsion

M xing:  Enul sion

Control:  Emul sion

Control: Aged Crude

M xing: Aged Crude

Gel:  Emulsion

Cel: Aged Crude

Cheni cal Dispersion (BP 1100X):  Emulsion

Cheni cal Dispersion (BP 1100X): Aged Crude
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TABLE 5-2

SUMVARY CF 1980 SHORELI NE EXPERI MENT TEST PLOTS

backshore area

TEST PLOT TEST AREA SITE TYPE OF AL
|.D. () LOCATI ON DESCRI PTI ON SPI LLED
H1 40 Bay 102 Upper intertidal aged crude

open coast, high
ener gy
H2 40 Bay 102 Upper intertidal 50% wat er/
open coast, high oi | emul-
ener gy si on
L1 40 Bay 103 Upper intertidal aged crude
Z-1 agoon, | ow
ener gy
L2 40 Bay 103 Upper intertidal 50% wat er/
Z-1agoon, |ow oi | emul-
ener gy sion
LT1 (=T1) 40 Crude Q| Control plot, aged crude
Poi nt backshore area
LT2 (=T2) 40 Crude G| Control plot, 50% wat er/
Poi nt backshore area oi | emul sion
HT 1 4 Bay 102 Control plot, aged crude
backshore area
HT2 4 Bay 102 Control plot, 50% wat er/

oi |l emul sion
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LoD JT 2

SHORELI NE STUDY - 1981 PETROLEUM HYDROCARBON CONCENTRATI ONS
(sanple welght basis)

SATURATED AROWATI C
EXPERI- HYDROCARBONS (mg/g) HYDROCARBONS (mg/9) TOTAL
MENTAL TI ME/ EXTRACTABLE
YEAR PLOT LOCATI ON |.D. RESCLVED TOTAL RESOLVED TOTAL MATERI AL (mg/qg)
1980 T-1 Surface S035 4.8 18.8 7.7 44.7
Subsurface s036 2.2 9.5 0.5 3.0 23.2
T-2 Surface S039 0.8 8.6 0.1 1.1 14.3
Subsurface s040 2.2 7.2 0.3 1.8 17.6
TE-1 Surface S043 2.4 11.7 0.4 5.1 34.7
Subsurface S044 2.3 7.5 0.4 3.4 18.9
TE-2 Surface 5047 3.6 16.2 0.4 8.7 44.6
subsurface S048 2.6 8.3 0.3 4.4 29.1
H1 Surface S029 0.03 0.2 0.1 0.5
Subsurface S030 0.3 1.1 0.03 0.3 1.9
H-2 Surface S031 0.8 4.4 1.7 10.1
Subsurface 5032 0.1 0.5 0.01 0.1 1.0
L-1 Surface S013 0.3 1.1 0.1 0.5
Subsurface S014 0.7 5.2 0.03 0.3 1.9
L-2 Surface S015 8.%04 0.02 0.001 0.01 0.08
Subsurface s016 01 0.1 0.001 0.01 0.3
1981 ME Post -t est s234 3.9 8.6 0.3 3.8 15.7
8 days 5252 3.5 8.8 0.4 4.8 18.1
40 days S270 0.2 1.2 0.02 0.5 2.6
CE Post-test **SEE SAMPLE ME**
8 days S 2.4 14.5 0.6 4.6 23.9
40 days S2007 0. 04 0.3 0.02 0.2 0.9
MC Post - t est s225 2.7 10.0 0.4 4.6 21.0
8 days S243 0.8 3.4 0.03 0.7 5.5
40 days S261 0.3 1.7 0.04 0.9 3.2
cc Post-test **SEE SAMPLE ME * *
8 days S279 1.5 2.3 0.3 3.0 10.4
40 days $297 0.04 0.4 0.02 0.09 0.7
p(E)C Post-test S146 1.7 3.9 0.2 2.3 8.4
ays s164 0.03 0.1 0.003 0.07 0.3
40 days 5182 0.01 0.07 0. 001 0.03 0.1
D(E)E Post-test S155 0.013 0.12 0.003 0.05 0.3
ays S173 0.091 2.1 0. 027 0.9 1.2
40 days 5188* 7.6 19.8 0.42 4.5 43. 4
SE Post - t est 5335 3.6 18. 8 6.8 140
8 days S353 4.3 3.8 0.09 0.6 21.3
Sc Post - t est S326 7.6 0.4 2.0 16. 2
8 days 5344 0.75 1.6 0.08 0.6 5.0
D B)E Post-test 435 0.7 0.9 0.02 0.07 1.2
days $452 0.013 0.01 - 0.002 0.02
40 days $470 " 0.004 0.002 0.01
D B)c Post-test s426 2.0 3.5 0.2 0.9 12.9
8 days S444 0.004 0. 002 0.02
40 days 5461 0. 007 0. 003 0.01
Bay 11 PR 4 Hgh wmi139 .02 24 . 001 .07 0.4
Beach 9/ 15/ 81
PR 4 Med M1140 .8 13.8 9 5.1 20.1
9/ 15/ 81
PR 4 1o M1141 2 4.4 .01 1.5 6.1
9/15/81
PR 6 High Mil42 .8 10.5 5 3.8 15.6
9/15/81
PR 6 Med M1143 A 5.7 3 2.1 8.6
9/15/81
PR 6 Lo M1144 2 5.1 .03 1.9 6.9
9/ 15/ 81
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On the other hand, the high-energy intertidal plot H1
(aged crude) from Bay 102 contains |ower |evels of oil
(0.3 mg/g, surface; 1.4 mg/g subsurface) than |ast observed
in 1980 (2.1 mg/g). The corresponding plot containing
emul sified oil (H2) contains substantially higher quantities
of oil than the H1 (6.1 mg/g surface; 0.6 ng/g subsurface)
but |evels roughly equivalent to those |ast observed in 1980.
Consi derabl e differences appear at H 2 between surface and
subsurface oil concentrations. The intertidal (low energy)
pl ot containing aged crude (L-1), showed considerable |evels
of oil (5.5 mg/g) at depth and |lower |evels at the surface
(1.2 ug/g). QI concentrations of ~8 mg/g were |ast
observed in 1980.

The concentration changes for the 1981 tests are also
shown in Table 5-3. Al concentrations decreased with tine.
The identity of the D(E)E 40-day sanple is suspect. Some
differences are observed for the mxing (crude and enul sion)
and control plots (Mg, MCvs. CE, CC, but we cannot determ ne
if these differences are statistically different.

Concentrations of beached oil in Bay 11, the result of
an actual landfall of oil, were in the sane range (0.2-20 mg/g)
after 25 days as those observed at 40 days for the nearshore
test plots (Table 5-3).

5.2 Saturated Hydrocarbon Conposition

The detail ed hydrocarbon conposition for the sanples
and the extent of weathering are best viewed by considering
two paranmeters, the ALK/ISO (alkanes from n-Cj4 through
n-Cyg divided by five key isoprenoids in this boiling
range including farnesane, pristane/phytane, and two others),
and the SHWR - saturated hydrocarbon weathering ratio:
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Sum of alkanes from n-c10 to n—c25
Sum of alkanes from n=Cq- to n-C,g

SHWR

The ALK/1SO is sensitive to biodegradation as alkanes are
preferentially biodegraded (Boehm etal., 1981a; Boehm et al.,
1981b; Atlas et al., 1981). The SHWR approaches unity as the
i ghter conponents are |ost due nmainly toevaporation and some
di ssol ution (Boehm and Fiest, 1981a).

The ALK/ISO and SHWR val ues in the “aged” Lagonedi o crude
oil aleshown in Tables 2-5 and 3-O respectively.

Results for this data set are presented in Table 5-4.
In the 1980test plots the saturates weathered to varying
extents between the time the last sanpling occurred in 1980
and the 1981 sanplings. For exanple, the sHWR |ast observed
in 1980 for the |ow energy backshore test plot (T-1) was ~2.3
(35% of C10-C17 lost) and decreased t0l.6 (47%lo0ss) in
1981. A “freshening” of oil was observed at plot H 1 (SHWR=1.7
in 1980; 2.0-2.3 in 1981) indicating plot heterogeneity. A
near conplete loss of Cjg-Cj7saturates occurred at the
| ow-energy intertidal plots L-1 and L-2 in the surface samples
(SHWR 1.0). Note, however, that less weathered oil, SHWR
1.5-2.0, is found at depth in these plots, in the case
of L-1 corresponding to an increase in o0il concentration
as well.

Bi odegradati on has only occurred to a large extent in
the L-2 (surface) plot (ALK/ISO = 1.1). Concentrations are
very low here, indicating that if biodegradation occurs in the
test plots in general, its effects are masked by high oil
concentrations.

~-324-




Varyi ng degrees of weathering are observed for the
1981 experinment plots but never nore than ~70 percent
(SHWR=1.4) and usual |y ~50% (SHWR=2.0). Bi odegradati on
Is a mnor weathering process in these sanples.

Note that where |ight petroleum additives are inportant
conponents of the test mxture as in the gel plots (SE, SO
and the BP dispersant plots (D(B)E; D(B)C), SHAR and ALK/ISO
val ues exceed the original oil due to contributions of
these additives to these ratios. Rapid weathering of these
I'i ght hydrocarbons is observed for these test plots (e.g.,
SHWR goes from 20 to 1.2 at D(B)E). Thus where there is a
great abundance of Cjg-Cj7 conponents such as in No. 2
fuel oil for exanple, evaporative weathering is a quantita-
tively nore inportant renoval nechanismthan for an aged
crude oil.

The observations for the weathering of oil in the
shoreline experinents is supported by the Bay 11 beached
oi | nmeasurenents (see Table 5-4). Beached oil, after about

one nonth of exposure, has weathered to the point where 60
to 75 percent of the alkanes | ower than C;7 have been | ost
t hrough evaporation (and solution) but biodegradation is
undet ected (ALK/ISO=2.3-2.8)

The GC chenical conposition of the test oils is
very simlar (Table 52), all oils having SHAR rati os 22,5,
Thus there would be little variability between the conposition
of test oils at the time of application.

53 Aromati cs (GC2/MS)

Sampl es from several of the test plots were anal yzed by
Gc2/Ms to deternine the weathering profile of the residual
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aromati ¢ hydrocarbons. The analytical results expressed
as the aromatic weathering ratio (Aw) are presented in
Table 5-4,

f{Ialkyl benzenes + Inaphthalenes + Iphenanthrenes
+ Ifluorenes + Idibenzothiophenes)

I(Iphenathrenes + Idibenzothiophenes)

The AMR is simlar in concept to the SHAR and approaches

unity as the nore volatile and sol ubl e conpounds are weat hered
from the sanples. As can be seen in Table 5-4, additiona

weat hering has occurred between 1980 and 1981. \Wen | ast
sampled in 1980, the AR at T-1 was 3.1 (16% weat hered) and

in 1981 the value was 2.0 (60% weathered). Simlarly, at

site L-1 the AWR was 3.1 in 1980 and was altered to 1.4

(84% weat hered) in 1981 indicating loss of the one and two
ringed aromatic conpound famlies.

Sampl es from several of the 1981 test plots were
anal yzed by Gc2/mMs after 40 days of exposure. AWR val ues
varied from 2.8 at D(E)E (28% weathered) to 1.4 at D(B)C
(84% weat hered), the latter of course reflecting weathering
of the Lagomedio crude oil and the |ight petroleum addition
in the BP dispersant. A time series at D(E)C indicated that
the aromatic weathering was rapid between O and 8 (AWR 3.0
to 1.9) days and changed little in the next nmonth (AWR = 1.9
after 40 days).
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TABLE 5-4
SHORELI NE STUDY- 1981 PETROLEUM HYDROCARBON WEATHERI NG PARAMETERS

PLOT TI ME

:

ALK/ISO AVR

1980 T-1 Sur face
pl ots Subsurf ace
(1980 sanmpl e)

T-2 Sur f ace

Subsur f ace
(1980 sanpl e)

N
N

1
N
w

TE-1 Sur f ace
Subsur f ace

TE- 2 Sur f ace
Subsur f ace

H 1 Sur f ace
Subsur f ace
(1980 sanpl e)

H 2 Sur f ace
Subsur f ace
(1980 sanpl e)

1
=
o

1
=
o
1

~
SN

1

1

1

L-1 Sur f ace
Subsur f ace
(1980 sanpl e)

PN DD NN E DN ww DN NN
[e2 ¢~ (e} =00~ ook o ~NB> ~N~ o1 B~ = Ol
1 1
1
1
1

1
N
(6]

L-2 Sur f ace
Subsur f ace
(1980 sanpl e)

1981 MVE Post -t est
pl ots + 8 days
+ 40 days

1
N
N
~
[

2.4
CE + 8 days -
40 days

+

MC 8 days i

40 days

+ +

cc + 8 days
+ 40 days

W PN e PN NDW NERE NDNE RN BN PR DR B Ee e e
O 0O O® AW OFRO OO wWORFR NMNFE WO NN OUl MO w-Io

NN NN NN AN e
= OO g1 ~NOoO) PO oo

MC Post -t est
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TABLE 5-4 ((CONT.)

PLOT TI ME (LOCATION) SHWR ALK/I SO AVR
1981 D(E)C Post -t est 2.3 3.2 3.0
plots + 8 days 1.9 4.1 1.9
+ 40 days 1.9 2.6 1.9
D(E)E Post -t est 1.9 3.2 _—
+ 8 days 1.9 2.8 _—
+ 40 days 2.8
SE Post-test 105 5.0 -
+ 8 days 5.2 8.1 _—
sC Post-test —_—
+ 8 days 6.6 4.2 -
D(B)E Post - t est 20.1 5.3 -
+ 8 days 3.3 4.5 -
+ 40 days 1.2 1.2 1.4
D(B)C Post-test 7.0 3.8 _—
+ 8 days 1.4 2.9 -_—
+ 40 days 2.6 2.7 1.8
Bay 11 PR 4 High 1.2 2.3 -
Ve 1.9 2.7 —_—
Low 1.5 2.8 -
PR 6 High 1.5 2.9 -—
Med 1.6 2.7 -———
Low 1.8 2.7 —_——
Oils
S703a VE 2.3 2.4 ——
S704a MC 2.4 2.4 -
S704b MC 2.2 2.4 -
S704C MC 2.4 2.4 —_—
S705 Sc 2.2 2.5 -—
s/12 D(B)C 2.7 2.4 —_—

SHWR - saturated weathering ratio; varies from~3.0to 1.0;
hi gher values due to diesel or kerosene inputs or to
biogenic I nputs

AVR = aronmatic weathering ratio; by GC/MS; varies from
~3.5to 1.0

bi odegradation ratio; varies from~2.5to O as
al kanes are preferentially degraded; nay be higher
where kerosene inputs are noted

ALK/ISO
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SECTI ON Sl X

DI SCUSSI ON ( SHORELI NE STUDY)

Several generalities can be derived fromthe results of
the shoreline applications of oil. Firstly and quite
inportantly, it appears as if the rate of application of oi
to the beach was quite realistic as the shoreline dosings of
oil were simlar to those quantities actually beached during
the Bay 11 spill. Thus we m ght expect realistic post-beaching
weat hering rates to be observed.

| ndeed over the 30-40 days after application of oil to
the shoreline test plots the extent of weathering, mainly
due to evaporation, is simlar to that observed with the Bay
11 beached oil. Mcrobial degradation is not a significant
renoval nechani sm during this period. However, at |ower oil
levels (e.g., plot CE, 40 days; or Bay 11, PR 4, H gh) the
extent of weathering is accelerated including mcrobial

degradati on. For exanple, at CC (+40 days) oil levels are
| ower (0.5 mg/g) and m crobial degradation is observed to
begin to occur (ALK/IsO = 1.6). One year after the appli-

cation of oil at plot L-2, levels of oil are quite |ow and
weat hering quite advanced (sHWR = 1.0; ALK/IsO = 1.1).
Subsurface oil on the 1980 plots seens to be better preserved
than oil exposed to surface processes (i.e., evaporation).

In the 1981test plots to which kerosene-based additives
are added, the low nol ecul ar weight hydrocarbons which are
characteristic of the kerosene (or diesel) additive (and
whi ch cause the initially high value for the SHAR paraneter)
are | ost due to weathering. For exanple the | ow nol ecul ar
wei ght saturates, part of the gel added to plot SE causes an
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initial SHAR of 105. Wthin 8 days |ow boiling conponents
are nuch reduced (5.2) but are still present in relative
quantities greater than the initial oil (sEWR = 3.5). Thus
i f the abundance of |ow nol ecul ar wei ght conpounds are an

i ndi cator of toxic properties of the oil one m ght conclude
that the gel/oil mixture is nmore toxic than oil al one.
However, the gel/oil mxture's availability to intertida
animals, for exanple, may be less than the oil itself.

These factors may bal ance, but in any event nust be viewed
and conpared vis-a-vis the toxicity of a resultant oil/

di spersion nmixture. It also appears that the BP dispersant
applied in plots D(B)E and D(B)C contains |ight saturates and
aromatics (kerosene) (SHWR-20). That the oil in the I(B)
plots is rapidly renmoved fromthe shoreline is noted by the
decrease in beach-bound ocil concentrations. However, the fate
ofthis oil in the intertidal systemmnmust be carefully

consi dered, especially due to the presence of significant
amounts of the low boiling aronatic components, to factor in
any intertidal inpacts (or lack thereof) into the overal
decision as to the useage of these dispersants to renove oil
from the beach face.
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TABLE A1

STATISTICAL SUMMARY OF TISSUE PLOT SEDIMENT DATA (UV/F)

UV/F O L CONCENTRATI ONS (ug/g)

95% CONFI DENCE
GEOVETRI C LIMTS

GROUP BAY SAMPLI NG STRATUM N MEAN Lower  Upper
1 11 Pre-spill 7m 4 55 .13 1.1
2 11 1st  post-spill 7m 5 .18 .00 2
3 11 2nd post-spill 7m 5 1.1 .46 1.9
4 10 Pre-spill 7m 4 0.49 .16 .92
5 10 1st post-spill 7m 5 0.88 44 1.5
6 10 2nd post-spill 7m 5 1.7 .73 3.3
7 9 Pre-spill 7m 4 0.38 -.13 1.2
8 9 1st post-spill 7m 5 2.1 1.5 2.7
9 9 2nd post-spill 7m 5 9.0 5.2 15.

10 7 Pre-spill 7m 4 0.43 .04 .97
11 7 1st post-spill 7m 5 0.67 45 .92
12 7 2nd post—spil | 7m 5 1.1 .63 1.7
13 11 Pre-spill 3m 4 0.22 .06 .40
14 11 lst post-spill 3m 5 0.16 .04 .30
15 11 2nd post-spill 3m 5 0.70 A7 1.5
16 10 Pre-spill 3m 4 0.45 .32 .59
17 10 1st post-spill 3m 5 1.40 1.1 1.9
18 10 2nd post-spill 3m 5 0.73 0.0 2.0
19 9 Pre-spill 3m 4 0.34 .13 .57
20 9 1st post-spill 3m 5 3.1 1.9 4.7
21 9 2nd post-spill 3m 5 5.3 2.4 11.
22 7 Pre-spill 3m 4 0.36 .01 1.5
23 7 lst post-spill 3m 5 0.34 .29 39
24 7 2nd post-spill 3m 5 0.45 -.09 1.3




TABLE A 2

STATI STI CAL__ COVPARI SON_ FOR TI SSUE PLOT SEDI MENT DATA (UV/F)
W TH N BAY COVPARI SONS

PROBABI LITY OF SIMLARITY (TWD TAI LED T-TEST)

/M DEPTH 3M DEPTH

STRATUM STRATUM

1ST 2ND 1ST 2ND

POST~- POST- POST- POST- 3M VERSUS 7M

SPI LL SPI LL SPI LL SPI LL COVPARI SON
Bav 11
Pre-spill .05 .13 .42 .07 .07
lst post-spill <.01 .03 .76
2nd post-spill .32
Bav 10
Pre-spill 12 .02 <.01 .45 14
lst post-spill .08 .14 .05
2nd  post-spill 11
Bay 9
Pre-spill <. 01 <.01 <.01 <.01 .85
lst post-spill <.01 12 .07
2nd post-spill 1.14
Bay 7
Pre-spill . 20 .03 .82 .78 73
lst post-spill .05 .64 <.01

2nd  post-spill .08




TABLE A. 3

STATI STI CAL__ COVPARI SON_ FOR TI SSUE PLOT SEDI MENT DATA (UV/F)
AMONG BAY COVPARI SONS

PROBABI LITY OF SIMLARITY (TWD TAILED T- TEST)

7M DEPTH STRATUM 3M DEPTH STRATUM

BAY 10 BAY 9 BAY 7 BAY 10 BAY 9 BAY 7
Pre-spill
Bay 11 7 .52 .59 .02 .23 .33
Bay 10 .65 7 22 57
Bay 9 .83 .86
Bay 7
1st Post-Spill
Bay 11 <.01 <.01 <.01 <.01 <.01 .01
Bay 10 <.01 .30 <.01 <.01
Bay 9 <.01 <.01
Bay 7
2nd Post - Spil |
Bay 11 21 <.01 .91 .93 <.01 .48
Bay 10 <. 01 *19 <.01 .51
Bay 9 <.01 <.01
Bay 7




TABLE A 4

STATI STI CAL  SUMVARY OF TI SSUE PLOT SURFACE FLOC DATA (UV/F)

UV/F O L CONCENTRATIONS (ng/g)

95% CONFI DENCE

CGCEQOVETRI C LIMTS
GROUP BAY SAMPLI NG STRATUM N MEAN Lower Upper
1 11 Pre-spill m 2 0. 96 -.61 2.1
2 11 1st post-spill m 5 0.23 -.02 .53
3 11 2nd post-spill m 5 0.11 .09 1.6
4 10 Pre-spill m 2 0.19 .07 .33
5 10 l1st post-spill m 5 4.0 2.0 7.2
6 10 2nd post-spill m 5 0.068 .05 .08
7 9 Pre-spill m 2 0. 040 -.08 .18
8 9 1st post-spill m 5 9.70 2.8 29.
9 9 2nd post-spill m 5 0.10 .01 .21
10 7 Pre-spill 7m No sanples -
11 I 1st post-spill m 5 0.12 .01 .24
12 I 2nd post-spill m 5 0.024 .01 .04
13 11 Pre-sgpill 3m 2 0. 084 -. 28 . 64
14 11 1st post—spill 3m No sanpl es
15 11 2nd post-spill 3m 5 0.071 .02 .13
16 10 Pre~-spill 3m 2 0.10 -.02 .24
17 10 1st post-spill 3m 1 0.071
18 10 2nd post-spill 3m 5 0. 050 .02 .08
19 9 Pre-spill 3m 2 0. 035 -.14 .24
20 9 1st post-spill 3m 5 4.26 2.0 8.3
21 9 2nd post-spill 3m 4 0.10 .04 .18
22 7 Pre~spill 3m No sanpl es -
23 I 1st post-spill 3m 5 0. 066 .04 .09
24 7 2nd post-spill 3m 5 0. 040 .00 .08




TABLE A. 5

STATI STI CAL  COVPARI SON  FOR SURFACE FLOC DATA (UV/F) WTH N BAY COVWPARI SON

PROBABI LITY OF SIMLARITY (TWO TAI LED T-TEST)

7M DEPTH 3M DEPTH
STRATUM STRATUM

1ST 2ND 1ST 2ND

PCST- POST- POST- POST- 3M VERSUS 7M

SPILL SPILL SPILL SPILL COMPARISON
Bav 11
Pre-spill .45 .99 No data .74 .97
lst post-spill . 26 No data .03
2nd post-spill- .41
Bay 10
Pre-spill <.01 <.01 No data .03 .02
1st post-spill <.01 No data No data
2nd post-spill .14
Bay 9
Pre-spill .01 .32 .01 .11 .80
lst post-spill <.01 <.01 .13
2nd post-spill . 65
Bay 7
Pre-spill No data No data No data No data No data
1st post-spill .06 .18 .28
2nd post-spill . 36




TABLE A. 6

STATI STI CAL _COVPARI SON_ FOR SURFACE FLOC DATA (UV/F) AMONG BAY COVPARI SON

PROBABI LITY OF SIMLARITY (TWO TAI LED T-TEST)

7M DEPTH STRATUM 3M DEPTH STRATUM

BAY 10 BAY 9 BAY 7 BAY 10 BAY 9 BAY 7
Pre-spill
Bay 11 .66 .58 No data 72 31 No data
Bay 10 .01 No data .07 No data
Bay 9 No data No data
Bay 7
1st Post-sDil |
Bay 11 <.01 <.01 .30 No data No data No data
Bay 10 .10 <.01 .01 .45
Bay 9 <.01 <.01
Bay 7
2nd Post - Spi | |
Bay 11 .30 .97 .04 .34 e .23
Bay 10 .35 <.01 28 .58
Bay 9 05 20




TABLE A. 7

STATI STI CAL . SUMVARY OF BENTHIC Bl OLOGY SEDI MENT DATA (UV/F)

UV/F O L CONCENTRATIONS (ug/g)

95% CONFI DENCE

GEOVETRI C LIMTS
GROUP BAY SAVPLI NG STRATUM N VEAN Lowe r Upper
1 11 2nd post-spill m 12 3.8 2.5 5.8
2 10 2nd post-spill 7m 13 1.6 1.1 2.2
3 9 2nd post-spill m 13 3.8 2.6 5.5
4 7 2nd post-spill m 12 1.2 .77 1.6
5 11 2nd post-spill 3m 12 0.90 .43 1.5
6 10 2nd post-spill 3m 13 0.99 .48 1.7
7 9 2nd post-spill 3m 13 2.7 1.6 4.2
8 7 2nd post-spill 3m 13 0.80 45 1.2




TABLE A. 8

STATI STI CAL_ COMPARI SON  OF BENTHIC BI OLOGY SEDI MENT DATA (UV/F)
W TH N BAY COVPARI SONS

PROBABI LITY OF SIMLARITY (TWO TAILED T-TEST)

7M DEPTH 3M DEPTH 3M VERSUS 7M
STRATUM STRATUM COVPARI SON
(BENTHIC
BENTHIC Bl OLOGY TI SSUE PLOT TI SSUE PLOT Bl OLOGY
DATA DATA DATA DATA )
Bay 11
2nd post-spill <.01 .18 <.01
Bav 10
2nd post-spill .01 .19 .01
Bay 9
2nd post-spill <.01 .04 <.01
Bay 7

2nd post-spill .04 .07 .04




TABLE A. 9

STATI STI CAL __ COVPARI SON__OF BENTHIC BI OLOGY SEDI MENT DATA (UV/F)
AVONG BAY COVPARI SONS

PROBABILITY OF SIMILARITY (TWO-TAILED T-TEST)

’M DEPTH STRATUM 3M DEPTH STRATUM
BAY 10 BAY 9 BAY 7 BAY 10 BAY 9 BAY 7
2nd Post - Spi | |
Bay 11 <.01 1.0 <.01 .71 <.01 .61
Bay 10 <. 01 .01 <.01 .39
Bay 9 <.01 <.01
Bay 7




TABLE A. 10
STATI STI CAL  SUMWARY OF MWya truncata DATA (UV/F)

UV/F O L CONCENTRATI ONS (ug/g)

95% CONFI DENCE
GEOVETRI C LIMTS

GROUP BAY SAMPLI NG STRATUM N MEAN Lowe r Upper
1 11 Pre-spill 7m 5 0.43 .33 .53
2 11 1st post-spill 7m 5 2.0 1.2 3.1
3 11 2nd post-spill 7m 5 93. 73. 120
4 10 Pre-spill 7m 5 0.57 42 .74
5 10 1st post—spill 7m 5 277 180 420
6 10 2nd post-spill 7m 5 157 110 230
7 9 Pre-spill 7m 5 0.35 22 .49
8 9 1st post—spill 7m 5 121 51 290
9 9 2nd post -spil | 7m 5 114 90 140

10 7 Pre-spill 7m 5 0.34 21 .48
11 7 1st post-spill 7m 5 114 64 210
12 7 2nd post-spill 7m 5 47 31 70

13 10 Pre-spill 3m 5 0.78 .55 1.0
14 10 1st post-spill 3m 5 368 290 460
15 10 2nd post—spill 3m 5 131 96. 178
16 9 Pre-spill 3m 5 0.40 .25 . 56
17 9 1st post-spill 3m 5 215 130 350
18 9 2nd post-spill 3m 5 135 120 150




TABLE Al

STATI STI CAL  COVPARI SON OF Mya truncata DATA (UV/F)
WTH N BAY COVPARI SONS

PROBABI LITY OF SIMLARTY (TWD TAI LED T- TEST)

7M DEPTH 3M DEPTH
STRATUM STRATUM

1ST 2ND 1ST 2ND

POST~- POST- POST- POST- 3M VERSUS 7M

SPI LL SPI LL SPI LL SPI LL COVPARI SON
Bay 11
Pre-spill <.01 <.01
1st post-spill <.01
2nd post - spil
Bay 10
Pre-spill <. 01 <.01 <. 01 <.01 .08
1st post-spill .02 <.01 .14
2nd post-spill .34
Bay 9
Pre-spill <.01 <.01 <. 01 <. 01 .50
1st post-spill .84 .04 .15
2nd post-spill .46
Bay 7
Pre-spill <.01 <.01
1st post-spill .01
2nd post-spill




TABLE A 12

STATI STI CAL  COVWPARI SON. CF Mya truncata DATA (UV/F)

AMONG  BAY COVPARI SONS  (ug/q)

PROBABI LITY OF SIMLARITY (TWO TAILED T-TEST)

3M DEPTH
7M DEPTH STRATUM STRATUM
BAY 10 BAY 9 BAY 7 BAY 9
Pre-spill
Bay 11 .06 .21 .18 .01
Bay 10 .02 .01
Bay 9 <.01
Bay 7
lst Post-Spill
Bay 11 <.01 <.01 <.01
Bay 10 .04 .01 .03
Bay 9 .87
Bay 7
2nd Post - Spi | |
Bay 11 .01 14 <.01
Bay 10 .08 <.01
Bay 9 <.01 .83




TABLE A. 13

STATI STI CAL  SUWARY OF Serripes aroenlandicas DATA (UV/F)

UV/F O L CONCENTRATI ONS

(ng/9)
95% CONFI DENCE
GEOVETRI C LIMTS
GROUP BAY SAMPLI NG STRATUM PROCEDURE N MEAN Lowe r Upper

1 11 Pre-spill 7m Air lifted 1

2 11 1st post-spill 7m Ar lifted 4 6.0 .19 41

3 11 2nd post-spill 7m Ar lifted 3 394 200 780

4 10 Pre-spill m Ar lifted 5 1.4 .40 3.0

5 10 1st post-spill 7m Ar lifted 5 278 220 350

6 10 2nd post-spill 7m Ar lifted 5 149 130 170

7 9 Pre-spill 7m Ar lifted 4 0.68 -.02 1.9

8 9 1st post-spill 7m Ar lifted 5 482 340 680

9 9 2nd post-spill 7m Ar lifted 5 116 69 190
10 7 Pre-spill 7m Air lifted 3 1.2 1.2 1.3
11 7 1st post-spill 7m Ar lifted 4 517 360 750
12 7 2nd post-spill 7m Ar lifted 4 73 31 170
13 10 1st post-spill 7m Hand pi cked 4 329 240 460
14 10 2nd post-spill 7m Hand pi cked 4 141 110 180
15 9 1st post-spill 7m Hand pi cked 5 186 110 330
16 9 2nd post-spill 7m Hand pi cked 5 97 59 160
17 10 1st post-spill 3m Hand pi cked 5 698 500 970
18 9 2nd post-spill 3m Hand pi cked 5 160 120 210




TABLE A. 14

STATI STI CAL  COVPARI SON OF Serri pes groenlandi cas DATA (UV/F)

W TH N BAY COVPARI SONS

PROBABI LI TY OF SIMLARITY (TWO TAILED T- TEST)

7M DEPTH 3M DEPTH
STRATUM STRATUM

18T 2ND 1ST HAND

POST- POST- POST- VERSUS

SPI LL SPI LL SPI LL Al RLI FT
Bay 11
Pre-spill N A N A
1st post-spill <.01
2nd post-spill
Bay 10
Pre-spill <. 01 <.01
1st  post-spill <.01 <.01 .25
2nd post-spill .85
Bay 9
Pre-spill <.01 <.01
1st post-spill <.01 <.01
2nd post-spill .04 .55
Bay 7
Pre-spill < 01 <. 01
1st post-spill <.01

2nd post-spill
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TABLE A. 16

STATI STI CAL  SUMWARY OF Macoma calcarea DATA (UV/F)

UV/F O L CONCENTRATIONS (ug/g)

95% CONFIDENCE

GEOMETRIC LIMTS
VARI ABLE BAY SAMPLI NG STRATUM N VEAN Lower Upper
1 11 Pre-spill 7m 4 2.5 .05 10.
2 11 1st post-spill 7m 5 24.5 14. 42,
3 11 2nd post-spill 7m 4 246 76. 790.
4 10 Pre-spill 7m 5 2.1 1.0 3.6
5 10 1st post-spill 7m 5 406 241. 680.
6 10 2nd post-spill 7m 5 440 250. 760.
7 9 Pre-spill 7m 5 0.73 .33 1.2
8 9 1st post-spill 7m 5 74.9 36. 150.
9 9 2nd post-spill 7m 5 836 610. 1140.
10 7 Pre-spill 7m 5 1.0 . 88 1.2
11 7 1st post-spill 7m 5 82.1 60. 112.
12 7 2nd post-spill 7m 5 85.5 39. 190.




TABLE A.17

STATISTICAL COMPARISON OF Macomacalcarea DATA (UV/F)
WITHIN BAY COVPARI SONS

PROBABI LITY OF SIMLARITY (TWD TAILED T-TEST)

/M DEPTH STRATUM

1ST 2ND
POST- POST
SPTTIL SPI LL
Bay 11
Pre-spill <.01 <. 01
1st post-spill <.01
2nd post-spill
Bav 10
Pre-spill _ <.01 <. 01
1st  post-spill .78
2nd post-spill
Bay 9
Pre-spill <.01 <.01
1st post-spill <.01
2nd post-spill
Bay 7
Pre-spill _ <.01 <.01
lst post-spill .90
2nd post-spill




TABLEA.18

STATISTICAL COMPARISON OF Macomacalcarea DATA (UV/F)
AMONG BAY COMPARISONS

PROBABI LITY OF SIMLARITY (TWO TAILED T-TEST)

7M DEPTH STRATUM

BAY 10 BAY 9 BAY 7
Pre-spill
Bay 11 0.80 0.08 0.15
Bay 10 .01 .03
Bay 9 <.01
Bay 7
l1st Post-Spill
Bay 11 <.01 .01 <.01
Bay 10 <.01 <.01
Bay 9 .76
Bay 7
2nd Post-Spill
Bay 11 0. 20 .01 .06
Bay 10 .02 <.01
Bay 9 <.01

Bay 7




TABLE A. 19
STATI STI CAL_ SUMVARY COF ASTARTE BOREALI S DATA (UV/F)

UV/F O L CONCENTRATI ONS (ug/g)

95% CONFI DENCE

GEOVETRI C LIMTS

VARI ABLE BAY SAMPLI NG STRATUM N MEAN Lower Upper
1 11 Pre-spill 7m 5 47 .13 .92
2 11 1st post-spill 7m 5 2.7 2.2 3.4
3 11 2nd post-spill 7m 4 140 50. 390.
4 10 Pre-spill 7m 5 0.43 .25 .64
5 10 1st post-spill 7m 4 364 320. 410.
6 10 2nd post-spill 7m 5 310 210. 460.
7 9 Pre-spill 7m 4 0.81 44 1.3
8 9 1st post-spill 7m 5 463 270. 800.
9 9 2nd post-spill 7m 5 171 88. 330.
10 7 Pre-spill 7m 4 22 .38 6.4
11 7 1st post-spill 7m 5 51 12. 210.
12 7 2nd post-spill 7m 4 56 31. 140.




STATI STI CAL  COVPARI SON COF Astarte Borealis DATA (UV/F)

TABLE A. 20

W TH N BAY COVPARI SONS

PROBABILITY OF SIMLARTY (TWO TAILED T-TEST)

/M DEPTH STRATUM

FI RST POSTSPI LL

SECOND POSTSPI LL

Bay 11

Prespill
First Postspill
Second Postspill

Bav 10

Prespill
First Postspill
Second Postspill

Bay 9

Prespill
First Postspill
Second Postspill

Bay 7

Prespill
First Postspill
Second Postspill

<0.01

<0.01

<0.01

<0.01

<0.01
<0.01

<0.01
<0.01

<0.01
0.01

<0.01
0. 89




TABLE A 21

STATI STI CAL__ COVPARI SON_OF Astarte Borealis
DATA (UV/F) ANMONG BAY COVPARI SONS

PROBABILITY OF SIMLARTY (TWO TAILED T- TEST)

7M DEPTH STRATUM

BAY 10 BAY 9 BAY 7
Pre-spill
Bay 11 0.78 0.15 0.02
Bay 10 0.03 0.07
Bay 9 0.09
Bay 7
lst Post-Spill
Bay 11 <0.01 <0.01 <0.01
Bag 10 0.33 0.01
Bay 9 <0.01
Bay 7
2nd Post-Spill
Bay 11 0.04 0.63 0.08
Bay 10 0.07 <0.01
Bay 9 0.02

Bay 7




